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Introduction and Purpose

The use of lime treatment to stabilize landslides,; improve -
the strength characteristics of embankments, and to improve soft
foundations may be possible in some instances., L The purpose of
this research project is to gain information and knowledge to be

\ used in evaluating s'oils for potential lime stabilization treat-
" ment., This would require knowledge of many facets of lime-soil
stabilization such as the migration of lime in a soil and the °
- change of strength in a soil that can be affected by lime, '

A quick literature search of limited scope was completed
to provide background material, This initial search revealéd much
‘controversy relating to the  lime-stabilization mechanism., As a :
result of the aforementioned literature seidrch, a detailed review
of the litefature? with emphasis on problem identifications and
"planning details"” was proposedi Upon approval by the U.S. Bureau
of Public Roads, this more extensive review of the literature was
commenced, ' o : .

The present study began with the collection of literature
on lime stabilization topics that was available in our department,
‘Other sources also. provided pertinent literature.

In the early stages of the literature review it was dis-
covered that a vast amount of useful information would be
collected from the various papers., This raw material was :
immediately categorized under various topics (e.g., lon exchange,

Hydraulics, Zeta potential) for later review and assemblage. For
- our purposes, it was found that as one became more and more
familiar with lime stabilization that the introduction and summary
of a' given paper was all that was necessary to determine what
useful information could be gleaned., A very quick perusal of the
body of .the report noting tables, graphs, X-ray and D,T.A. tracings,
pictures, etc., would then complete the initial review of the paper
in question., Later as problems arose some papers were re-read,

y . The following procedure'was_used to catalogue the informationm,
The pertinent parts of a given article were copied using a Xerox

* copler, These bits-of information were then filed under an
appropriate category. (Fifty categories were used originally but
o this number was reduced later to twenty-five), T

The raw material was gathered from many different publicatioms,
ranging from the'many reports of the Highway Research Board to
-construction magazine articles., The authors of these papers were
from the U.S.A., Great Britain, Germany, Israel, Russia, India
and Aus:ral%ga oo '
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' One objective of this report is to arrange the information
in such a. manner that it could be useful in subsequent lime '
stabilization studies. To¢ achieve this goal the information was
assembléd in emcyclopedic form and referenced. Many other bits
of information not having a direct bearing on lime stabilization
were included because of their proximate value to the subject,
One such topic is entitled "Lime Stabilization vs Cement
Stabilization," S

The chief purpose of the appendix of this report is to
direct the reader to the original paper. -
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Summary

Lime-soil stabilization can be an involved procedure,

What complication does exist can generally be attributed t£6 -
the many different avenues that the lime can take on the way to
stabllization, Variations in limes, soils, additives, and appli-~
cation techniques are some of the factors involved, Other widely
diverse conditions can also influence the reactioms.

The presence of organic matter can reduce the final strength
of the stabilized soil, but certain additives to the system may
solve this problem,

It appears that lime stabilization leads to permanent results,
In the U,S.A, roads stabilized with lime are still in excellent
condition after fourteen years of service. This can be attributed
to a definite chemical reaction. The new cementing products which'®
evolve (e.g., phosphates and pozzolanic hydrated silicates) are
relatively insoluble,

The pozzolanic reaction is of singular importance because
this is the reaction in which the clay particles themselves are
directly involved, This reaction is normally a long-time strengthen-
ing process which can be accelerated in many cases by adding a small
amount (0.3%) of commom chemical additives, such as sodium hydroxide.

. /

The permeability of a soil mass can be increased or decreased
depending upon the percentage of lime added and the final
compactive effort applied.

Despite the complicating factors lime stabilization can
achieve highly desirable results at low costs.
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RECOMMENDATION FOR FURTHER STUDY

The following is a proposed detailed work outline for
continuing the Lime Stabilization study. '

The information obtained in the literature search was used
in preparing this proposal. ‘

This phase of the study will be primarily oriented to
those laboratory investigations concerned with the non-pozzolanic
and pozzolanic reactions and their effect on the strength,
Atgirberg Limits, permeability, durability, etc., of various
soils.. 3 '

‘This is the Phase 2 listed in our original project proposal
dated January 18, 1966, Phase 2 was originally designated
Ylaboratory Study" of the interaction of lime with various soils.
However, Phase 2 will be divided into two parts with Phase 2a
being completed prior to the beginning of Phase 2b,

Phase 3 of the original proposal designated "Field testing
and evaluation study" will be dependent upon the results of
Phase 2a and 2b. ” : '

Phase 2a

1. Gather approximately 30 soil samples from various
areas of California where potential foundation
problems exist.

2., All of the collected samples will be examined using
X~ray diffraction, D.T.A,, Grading, Sand Equivalent,
TImpact Compaction test, Atterberg Limits and R-Value
test, A chemical analysis will also be run. The
presence of such things as sulphates and silicates
will receive special consideration because of their
effect on lime stabilization,

From the results of these analyses samples will be
chosen that give a variety of soill classificatioms.

3. Six to ten'sémples will be chosen for use in Phase 2b.
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Estimated Cost for Phase 2a

Field Work
Labor 10 days at $48/day $ 480
‘ Querhead 10 days at $24/day 240
Travel Expenses 200
Vehicle charges 200
31120
x Laboratory Work
- X-ray & D.T.A. 30 samples at $50 $1500
" Chemical Analysis 30 samples at 2100 - 3000
Grading 30 samples at $5 150
Atterberg Limits 30 samples at $20 600
Sand Equivalent 30 samples at $4 120
Impact Compaction 30 samples at $20 600
R-value 30 samples at $50 1500
: ’ Lo W
Say Total $8600
, Of the total $86Q0, it 1s requested that $2500 be available
in the fiscal ggar 1966=67 and that the remainder, $6100, be.
available in the 1967-68 Ffiscal year.
Phase 2b
Following Phase 2a the selected samples will be fabricated
and then subjected to the tests shown in the following outline:
o
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The unit sample testing outline would be followed for each
of the 6 to 10 soil samples chosen in Phase 2a.
Estiﬁafe of Cbst for Phase 2b
Ten unit samples at $1500/unit sample  §15,000

Preparation of report 2,500
. - | Total  $17,500

1967-68 $ 9,000
1968-69 o 8, 500
| $17, 500

ClihPDF - www .fastio.com


http://www.fastio.com/

ChihPD

Wiy fastio.com

Preface

The comments catagorized in the appendix and mentioned in
the synopsis do not necessarily represent our viewpoint, Rather
than choose those statements which reflect only one point of
view, a more objective approach was followed,

The many different viewpoints are represented within certain
limitations. License was taken in selecting, where possible,
those comments which were more clearly and unequivocally -

. presented.

The various authors were not always directly quoted because
the context may have been voluminous, reference made to various
figures or other parts of the paper, or for numerous other
reasons. In these instances it is hoped that the intent of the
authors is preserved even though the wordage was altered.

Many of the comments listed under the various sections may
appear to be in conflict with subsequent comments. While some
may be true contradictions, others represent valid observations
obtained under other conditions of soils, chemicals and environment.

The entire significance of the papers listed in the
bibliography was by no means exhausted. But time was an
important consideration in limiting the abstracting of the

- information.
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SYNOPSIS OF THE APPENDIX

The physical properties of solls can be altered by the
addition of chemical admixtures (27). They can be beneficial
(e.g. NaOH, 27; CaCly, 61; and SC=100, 59) in some cases while
detrimental (e.g. AL{OH)3, 1l; NasCO3, 27; Na2Si03, 27) in others,
They can be flocculated; waterproofed, reduce surface tension,
change the permeability, porosity, and Atterberg Limits. They
can be used to pre-condition the scil for subsequent lime
stabilization, Their presence in a soil can at first be beneficial
but later on can hinder a desirable reaction (27, 56),°

The addition of lime to soil results in many different
actions, Adding lime to a soll increases the pH of the pore
water (14)., Providing there is enough lime present, an acid
soil would be neutralized (1). Calcium ions will replace smaller,
weaker Ht, K*, and Nat of a soil through the action of base
exchange (26)., In the case of a sodium clay, NaCH is released
which increases the pH. NaOH then acts as a catalyst to provide
more available silicates in the form of sodium silicate. This
silicate subsequently reacts with the lime to form sodium hydroxide
and cementitious insoluble calcium silicates (19).

Many factors can either accelerate or hinder the afore-
mentioned general mechanisms. Elevated temperatures (1, 24, 35,
58B etc.), high pH (35, 36, 45, etc.), common ion effect (1),
catalyst (19), increased surface area, etc., can have a beneficial
effect. While the presences of a waterproofer (1), an acid

"{Catt depletion), iron oxide (53), magnesium carbonate (20), etc.,

may hinder the production of the desired results,

- On the @tﬁﬁr hand, although an acid (e.g. phosphoric) may
deplete the Ca™ which would be otherwise available for the
pozzolanic reaction, the calcium phosphate produced (64) behaves
as a cement,

In general, the nonpozzolanic reactions consist of: carbomate
production (which may be detrimental, 36), the aforementioned
insoluble phosphates (19, 64), and the insoluble silicates
(produced from sodium silicate and calcium salts, 64), The

pozzolanic reaction consists of lime chemically reacting with-

the available silica and some alumina in the soll forming a
cementing calcium silicate and aluminate (39) in various hydrated
forms.

The pozzolanic reaction is singularly impertant because a
great many solls have silica and alumina components, Soils which
contain little or no pozzolans may be stabilized satisfactorily
with lime when a pozzolanic material is added to the soil (24).
Natural pozzolanic materials are not cementiticus by themselves (24).
The amount of cementation produced in a mixture of lime-soil is
related to the reactivity and amount of the pozzolanic material (24),
The primary source of strength in cement stabilized soils is the
formation of cementitious compounds independently of the soil.
Whereas in lime stabilization {except for carbomation, etc.) the
lime (excess) acts directly with the active portions of the soil
to form cementitiocus compounds (55).
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One product of the pozzolanic reaction is tobermorite gel,
Tobermorite gel coheres and adheres (66)., This immediate reaction,
formation of small amounts of tetracalcium aluminate hydrate, is
supplemented by a somewhat slower reaction of the silica with lime
toc generate tobermorite gel (35).

Although quartz, mica, illite and even pyrophyllite are
considered less reactive than clays, they may also react under
appropriate conditions and give rise to similar cementitious
products (tobermorite gel and a calcium aluminate hydrate),

Reaction of lime with quartz generated tobermorite gel, even at
60°C (35). ;

The calcium silicate hydrate has been called "tobermorite gel"
bécause of its similarity to the natural mineral tobermorite. This

%g%)is the most important constituent of hardened portland cement

The P,I, of the lime-soil mixtures has no relation to
strength (2). 1In all probability, the degree of "stabilization"
of a soil is most likely to be reflected by changes (increases)
in the PL and to a lesser degree in the SL (44). Experience indi-
cate that there is an immediate process responsible for the
"amelioration" of the water-sensitive properties of untreated
clay soil (35). Following flocculation there is a reduction in
the thickness of the moisture film surrounding the clay grains.
This is reflected in a reduction of the plasticity (26).

It appears that lime must chemically react with a soil to
reasonably improve the strength (with the possible exception when
quick lime is used only to reduce the moisture content of a soil),
But the strengthening may not become significant until peripheral
reactions are first satisfied. These peripheral reactions may be:
acid neutralization (1), base exchange (3), and physical
adsorption {not strictly chemical)(35), to menticn a few,

These "ameliorating'" effects (35) appear to be rapid and
distinct from the long-time cementiticus reaction. It is these
cementitious reactions (principally pozzolanic) that appear to
give rise to stremgth increases, The major source of increased
strength stems from the lime-soil pozzolanic reaction (58). The
pozzolanic reaction requires lime in excess of the lime
retention point for sufficient cementation (35), On the other
hand, the lime-pozzolanic reaction’s main gain-in-strength with
time is due to the precipitation and cementation of the CaC03
.(from C02 in the water), and the complex silicious and aluminous

gels of calcium (72).

Normally low déﬁsities are undesirable; but not in the case

- gf soils that are lime stabilized (26). In most instances the

maximum dry density is decreased (58B)., These lower demsities
might be because of the resistance offered by the resulting
flocculated soil structure to the compactive effort in the attempt
to obtain closer packing (72). However, the variations in density
do not correlate with the improvement in strength (1).
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When using quick lime to stabilize a lean clay, large:
increases in strength were noted., While using hydrated lime
less impressive strength gains were observed (élgo

We must be prepared for the lime=-stabilized soil acquiring
hydrophobic properties (1, 5, 26, 43, 53, 60). Also the soak’
strengths of lime-soil mixtures are increased by using sodium
compounds (additives) (24). -

Lime’s drying effect on soils is accomplished in at least
two ways. First, when quick lime is added to a soil, the pore
water is uged to hydraté the lime. Secondly, lime treating a
clay type soil releases the bonded water which results in a

diying action’ (26). f

: Although few data are available, the permeability of
compacted soil-lime mixtures has been reported to be much less
than that of ¢ompacted soil alone (35). "Experience with a .
montmorillonic soil shows that the addition ¢of Ca(OH)2 increases
the permeability of the soil to 7%, beyond which permeability
begins to reduce" (70). Lime-soil stabilization results in a
flocculated soil st¥ucture which, while remaining porous,
results in a higher permeable mass (72)., Clay particles that
were permitted to harden at a high density will be much less
porous than those that have hardened at a low density (44).
SIurry solutions injected into the soil voids harden to varying
degrees and impart cohesion. Since they partially fill the
voids, the permeability is also reduced (51). The penetration °
of gravity water, and rapid evaporation, can be stopped by
forming water-resistant barriers through lime treating bases or
subbases (39). ,

The presence of organic matter adversely affects the
strength producing pozzolanic reaction (58). It is possible
that certain soil profiles containing a large percentage of
organic matter camnot be strengthened by lime treatment (58).
In an crganic soil-lime system, both the scil silica and the
organic matter are competing for calcium ions (14). Moreover,
the addition of most alkali additives not only solubilizes the -
soll silicates, but also intensifies the organic activity (14).
The low strength of an Illite-lime mixture can be attributed to
the organic matter (7%) which "complexes'" the lime and upon
soaking swells and ruptures the cementitious bonds (14). The
calcium ions are absorbed by thé-organic matter and thus the

- cd&leium ion' concentration is reduced (79). The addition of

potassium (and 'sodium) per manganate; being a strong oxidizing
agent, probably oxidize the carbon in fly ash with the production
of K2C03 (or NazCO3)and MnO2. Strength may be also benefitted
bg the oxidizing agents cleaning the surfaces of fly ash and
thereby making them more available for chemical reaction with
lime (1), A solution of KoCr207 plus H2804 will oxidize organic
matter, :Depressing the pH by adding sulphates will render the
organic matter relatively inactive, and the benefit of sodium
ions present can thus be achieved (79).
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The theory that lime migrates through the soil mass, per-
forming desirable functions, is unproven., Whether it be a true
migration or some other process, a highly beneficial phenomenon
does occur (74).

High breSSure lime injection was reported to be successful
in distributing lime to depths up to twenty feet (4).

Finally, the question of permanency is often raised. Ion
exchange and other sorptive mechanisms are reversible., The
"home" water softener resin after being saturated with Cai and
Mgt is regenerated by reversing the process using a highly
‘concentrated NaCl solution, However, the development of strength
is accompanied by distinct structural changes in the cla
minerals, It seems certain that the changes (pozzolanic§ are
relatively permanent. (13). =

P
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APPENDIX

- ATTERBERG LIMITS
PI, PL, LL, ete,

v R Opening Statements
* " - .
44 Zolkov In all probability, the degree of 'stabili-
. : o zation" of a soil is most likely to be

reflected by changes (increases) in the PL
(and to a lesser degree in SL).

The over faithful use of the PI concept. has
tended to obscure the need for a more precise

C1assi£ication, :
The Limits
| PL
35 Dpiamond éﬁd It should be kept in mind that the'PI is a
Kinter composite parameter that may not accurately

o reflect real changes in the systems. For
) . example, equal increases in the LL and PL
S : following a given treatment would be reflected

as "no change" in the PI. '

Low Values :
24 Herrin and For soils with low or no plasticity, fly
Mitchell ash and other pozzolanic materials may be

added to the soil with the lime to aid in
the cementing action, _—

26 Gutschick tow dr nonplastic soils réspond bétter to
[ - cement or asphalt than to lime. "
- 39 Amer. Road 1 ‘ PI values lower than 10 do not react as
Builders® =~ = readily with lime, Soils with low PI's can
Assoc, . often benefit by Lime treatment by adding a

pozzolan, volcanic ash,; expanded shale or
sometimes a reactive clay.

_ Highef Values ‘
24 ngrin and Lime cannot be successfully used with all
Mitbhell types of soils, but is limited primarily to

the stabilization of medium and highly
plastic soils,

*Numbers in this column refer to Bibliography
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Soils with PI ranging from 10 to 50+ can
generally be successfully stabilized with
lime,

LL

Calcium sautrated clays have lower LL than
corresponding sodium or certain other cations.

It is evident that additions of NaCl and
CaCly affect the soil essentially in a very
similar mamner, except that the additions of
NaCl lowers the LL more.

Additions of lime to a fat clay caused LL to
drop immediately after mixing, the smaller
_additions being of greater importance. Later
on the LL rose considerably,

Whether the LL of a cemented clay rises or
falls is dependent on, among other factors,
the arrangement and density of the soil
particles at the time of the cementation.

At earlier ages, the small percentage of lime
added to a heavy clay (London Clay) frequently
gave considerable increases in the LL, whereas,
larger percentages of lime often gave smaller
LL increases,

PL

Adding CaCly or NaCl to a fat clay (silty clay)
gave no significant change in the PL of -the
final mix,

PL vs LL

" The LL is more sensitive to the kind of cation
than is the PL.

Plasticity

The 'successful use of lime to alter soil
plasticity and workability is not highly dependent
on the chemical and mineralogical properties of

the soil. However, such factors as type of clay
mineral and the clay content may influence the
quantity of lime required to achieve a satisfactory
level of stabilization.

Increase in plastic and shrinkage limits may not
always be accepted as an improvement in soil
properties,
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Strength

The PI of the soil-=lime mixtures has no rela-
tion to strength., 4%7% limed soils have more
tendency for the PI to increase with age than
8% lime mixtures.

Clay-lime systems might still be useful for
subbase material if the PI does not increase
with age.

For a number of lime-soll systems aging generallj
results in the changing of the PI from the
earlier PI values,

Soils
Gravels, Disintegrated Granite and Caliche

Only a small percentage of lime is needed to
lower the PI of these materials, o

Loess

The PI of a lime tréated loess dropped to
2,0 from 4.8 before tréatment, The LL rose
fro§225°8 to 24 while the PL rose from 18.0
t@ Lo ’ .

The Vicksburg loess (a. lean clay) with a PI
of 20 before lime treatment fell to 16 after
the treatment,

Clays

Large increases in the plastic limits of =
clayey soils can be obtained by adding small
quantities of lime, Ca(OH)». The largest "~
increases are in solls containing montmorillonite;
illitic=chloritic clayey soils are affected
somewhat less, amd the plastic limits of
kaolinitic clayey soil$ are the least changed

Miscellaﬁeous

At the present time (1962) no coﬁclusi@n can
be drawn as ‘to how lime guality would affect
another soil property; such as plasticity.

Following flocculation there is a reduction in
the thickness of the moisture film surrounding
the clay grains, This is reflected in a re-
duction in plasticity, i.e., if the films are

™~
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thick, the clay particles are shielded so as
not to come in intimate contact with their
neighbors, thus, causing low stability and a
highly plastic state.

All sections pretreated with lime were allowed
to react for a minimum of 48 to 72 hr before
addition of stabilizing agent. As a means of
checking the adequacy of this specification,
sieve analysis, LL and PI were run on samples
of lime=-pretreated soil following 0 (untreated
soil) 1, 6, 16, 24, 48 and 72 hr of curing.

Experlence indlcate that there is an immediate
process responsible for the "amelioration" of -
the water~-sensitive properties of untreated
clay soil.

If only a change in soil plast1c1ty is desired
any class of 1ime will do.

In some cases it was observed that as the
difference between plastic and shrinkage
limits increased, on the addition of lime,
the possibility of development of cracks also
increased,

The Atterberg limits were determined for all

the soils in both the natural and air dry

conditions, If there were any differences

between the two conditions, the limits were

also run on the soils in the oven dry condition.
- CEMENTATION

In Génerél

Lime added above the lime fixation - capacity level
forms cementation productso

Cementation is of minor importance in the overall
soil=lime reaction.

Portland cement hydrates to produce cementitious
compounds independently of the soil,

Formation of Cementing Compounds
Following base exchange
1. The lime beging eating into clay

particles (at high pH) releasing silica
‘and alumina ions,
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2. In the presence of moisture, hydration
cccurs forming:

a, Calcium silicate hydrate (similar
to tobermorite) _
b, Calcium silica aluminates (similar
" to hydrous garnets)
¢, and products from natural pozzolans.

Samples of bentonite and 10% Ca(OH)) were
compacted at optimum moisture content; they
were then cured separately under vacuum,
ordinary, and COp-saturated moist atmospheres
for 7 days and 2% days, X-ray examinations
followed after each curing pericd. Extensive
carbonation of the Ca{OH)7 was detected in the
samples cured under CO2-saturated atmosphere.
Slight carbonation was found in the samples
cured in the open ailr, whereas no carbonation
was found in vacuum cured specimens,

EFFECTS. OF CARBONATION ON SOIL-LIME STRENGTH
| Unconfined Compression
‘ Strength, in psi
Curing Condition 7L§ay - 2% davy

Vacuum . ' té40 : 370

Ordinary atmosphere 250 - 320
C02 saturated 100 220.

This indicates that carbonation ¢f Ca{O0H)2
yields low strength in the bentonite
stabilization with lime and pozzolanic re-
action products appear to be considerably
stronger cementing agents than the CaC03.

‘Agents

The'following'materials form cementing compounds
in the lime-fly ash reaction:

1. AL{CH)j3.
2, Fe(OH%%
3 o CaCOB

Fly-ash or other pozzolanic materials aid the
cementing action. -

The products of the pozzolanic reaction are
cementing agents.,

Lignosulfonates act primarily as a binder,
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Complex cementitious compounds are formed when
the following materials are added to soil-lime
mixes:

1, NaOH
2. Sodium silicare

3. NazCoj

Effect of Delay Compaction

Laboratory and field studies indicate that the
cementing action of lime with soil does not
begin until the mixture is compacted into a dense
mass,

Delayed compaction reduces the effectiveness
of possible cementation,

CHEMISTRY
Pre=Stabilization Conditioning
Flocculation

The EMF (Zeta Potential) that holds the bound
water film to the clay particle is reduced by

~ the exchanged Ca®™ replacing the smaller,
weaker Ht, K+ and Nat.

Accompanying base exchange is a lowering of

the zeta potential which causes a flocculation
of the particles and a reduction in the thickness
of the absorbed halo-like moisture films
surrounding the clay grains.

The "ameliorative" affects is due to the
limited chemical reaction at points of contact
between edges and faces of primary clay
particles within the 'flocs” formed by the
normal electrolyte effect of adding lime.

Various salts, alcochols; acids and ketones
will also flocculate the soils.

To a 2:1 aqueous solution by weight of dry
soil was added enocugh CaCly to give a molarity
of 0.01, and sufficient time was allowed for
complete flocculation to take place.
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Watefproofing

Some of the weak bases formed, such as

Al(On)3 and Fe(OH)3, give the soil water-

proofing properties,

2A1C13 + 3Ca(OH)3 —=- 2AL(0H)3 + 3CaClp
Weak base

Stabilization

- Permanency

The history of ancient lime mortars and
pozzolanic mixes;, such as were used in con-
struction of Roman roads, indicates that

some lime mixtures have a high degree of
permanence, Like many other mixtures the
permanence of such mixtures depends upon good
design and construction practices.

Because the development of strength is
accompanied by distinct structural changes in
the clay minerals, it seems certain that the
changes are relatively permanent,

Based on the definite development of new
cementing compounds accompanying the breakdown
of the clay structure and the pozzolanic action,
it appears that the stabilized material re-
flects permanent changes. :

Calcium carbonate is inscluble in the absence
of carbon dioxide,

Hinders

A chemical additive to the lime stabilization
process may act as a catalyst, as an inhibitor
or as a component of the pozzolanic reaction.
The acid salts (eg AlCl3) may impede the
development of strength,

2A1C13 + 3Ca(OH)2 ~——= 2A1({0H)3 4+ 3CaCl2
Thus, the Al1Cl3 not only robs the lime at the
expense of the pozzolanic reaction, but then
acts as a waterproofing agent further slowing
down the slow pozzolanic reaction,

At present it appears that soils are unsuitable
for stabilization with lime if they contain
more than about 0.5-1,0 percent of sulphate ions,
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It seems probable that the formationm of
ettringite is also responsible for the dis-
integration of lime (also cement) stabilized
soils except that in these cases the
ettringite is derived from a reaction between
calcium sulphate and clay.

Cementation
Non Pozzolanic Reaction
Carbonation

The precipitated calcium carbonate contri-
butes cementation to the system,

* ' Ca(OH)y + COp—ammmem CaCO3 + HpO

ca(ou%z + NayC0g-—m CaC03 + 2NaOH
Ca(OH)7 + LipCO3wm CaCO3 + 2LiOH

Curing of partially mixed soil and lime

- before final mixing improves pulverizatiom,
but this procedure has been found to be
detrimental to the lime-soil reaction due
to exposure to air containing COj.

Lime treated soils should not be permitted
to dry out after mixing because carbonates
are rapidly produced,

Lime carbonation is not desirable since it
reduces the amount of lime that can parti-
cipate in the very important pozzolanic
reaction., Tt forms relatively weak carbon-
ate cementing agents.

Insoluble Phosphates

Sodium phosphate reacts with lime to form
calcium phosphate, which may be cementitious.

Phosphoric acid reacts with calcium or other
cations in a clayey soil to produce insoluble
phosphates which behave as a cement,

~Insoluble Silicate

Sodium silicate reacts with calcium salts to
give an insoluble calcium silicate cement, |
This reaction has been utilized for a process
of pressure injection of chemicals into t
troublesome foundation soils. As yet no use
“has been made in highways.
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Most chemical injection processes use
sodium silicate in combination with one or
more other chiemicals which yield silica=
gel in the interstices of the soil. This
is commonly applicable only to sand soils
at least 0.1 mm grain size,

Water-glas and CaCly form a cohesive binder,
but the efficiency of the procedure de-
creases rapidly as the grain size of the
sand decreases, It also depends greatly
upon the chemical composition of the
groundwater,

Pozzolanic Reaction

Pozzolanic materials, finely divided siliceous
and aluminous substances, not cementitious in
themselves, combine with hydrated lime and
waier to form stable compounds of cementitious
value,

The following equations represent what is
known as a pozzolanic reaction:

- Catt + 2(0H)"+ $i09 -~ CSH

(scil silica)
Catt + 2(0H) "+ AlypQ3 — = CAH
- (soil alumina)

Products Formed (Lime-Scil Reaction)

At or near room temperature
Ca(OH), + Al(bearing mineral})——C=A-H

Variables = the kind of clay and the re-
action conditions {(especially temperature).
Commonly, there are at least two phases::

1. A calcium silicate hydrate
usually tobermorite gel
2., A calcium aluminate hydrate
an impure tetra calcium aluminate
- hydrate (7.64 basal spacing)

at temperatures only slightly above normal
room temperature a different calcium

aluminate hydrate phase is produced namely:
the cubic tricalcium aluminate hexahydrate,

Quartz, mica, illite, and even pyrophyllite
congidered less reactive than clays may also
react under appropriate conditions and give
rige to similar cementitious products, Re=
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" action of lime with quartz gemerated
_gdbermorite.gel, even at 60° C. Both

obermorite gel and the 7.6& calcium
aluminate hydrate g?oduct were formed by
reaction of lime with mica, 1llite and
pyrophyllite.

There 18 an immediate but limited chemical
reaction at the points of contact between
the edges and faces of primary clqg
particles within the flocs formed by the
normal electrolyte effect of added lime,
This reaction is visualized as the ‘
formation of small amounts of tetracalcium
aluminate hydrate by the reaction of the
exposed AL(OH), groups at the edges of the
clay surfaces With lime sorbed on the faces
of adjacent surfaces, This immediate re-
action is supplemented by a somewhat slower
reaction of the silica with lime to gener-
ate tobermorite gel. ' '

Following base exchange, the chemical re-

action of lime with soils produces a
definite "cementing or hardening' action

'in which the lime reacts chemically with

available silica and some alumina in the
raw soll or with pozzolan additives, like
fly ash, forming calcium silicdte and
aluminate.

Some Vériables

Lime/Fly Ash Ratio

Two lime/fly ash ratios were investigated:
1:9 and the 2:8 |

7 day strengths - similar

28 day strengths - difficult to conclude
4 month strengths = 2:8 ratio best

Best Ratios 1:9 to 4:6.

For treated clays susceptible to freeze-
thaw damage, 25{ to 30% lime to fly ash

is best., For sandy soils best ratio is

1:5. Combined (Silt to Clay) 10% to 307
is a good ratio for cementation bonding.

Evidence exists that at high pH silica

is more soluble, resulting in the
pozzolanic reaction speed-up.
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A minimum pH of approximately 10.5 was
necessary for a pozzolanic reaction,

When lime is added to a scil there re-
sults an immediate increase in.the pH
due to the partial dissociation of the
caleium hydroxide. The hydrous silicas
and alumihas then act as buffers and
react rapidly with the cations and a
lowering of the pH occurs,

Accelerators
Chemical

Existing evidence shows that the
pozzolanic reaction is slow under
normal curing conditions. Many
chemicals can be added to this re-
action to accelerate it, Alkaline
additives increase the amount of
available hydroxyl ions and ag a -
result the pozzolanic reaction may

be accelerated by the increased
solubility of the siliceous material,
€.8., NaOH + Silicates—Na - Silicates
Na-Silicates + Ca(OH)3 —>Ca-=Silicates
+ NaOH. ' ’

Sodium compounds, NaOH, Nas80y,

NagCOg and NaAlOy,. either provide
additional silica (that is sodium L
metasilicate = Nap8i03.9H90) or make
the soil silica more Teactive and at
the same time control the rate of re- °
action between lime and silica to -
facilitate a more uniform distribution
of the cementitious calcium silicates.

Temperature

The pozzolanic reaction rate is rela-
tively slow at normal temperatures
(75°Fg but at high temperatures the
reaction proceeds dt a much faster rate,

Retarders

Lime is subject to conversion .to calcium
carbonate during lorig curing periods;
when this takes place pozzolanic action
ceases, '

Depletion of the Ca™t hinders the pozzo-
lanic reaction. The calcium ions exchange
with sodium ions in' Na-Montmorillonites,
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Miscellaneous
Aluminate

11 Diamond Calcium aluminate hydrates have recently been
reported to form as products of reaction be-
tween aluminum~bearing clay minerals and
Ca(OH)o at or near room temperature,

Aging
18 Mitchell and It is concluded that the observed chemical
Hooper changes on aging serve mainly to increase
flocculation and reduce water affinity of the
soil, .
56 Sherwood " A London clay containing 2% (as 503) of calcium

sulfate was stabilized with lime. X-ray
diffraction and DTA revealed that the calcium
sulfate had disappeared from the specimens that
had been immersed in water, As there was
insufficient water present for the calcium
sulfate to have been completely leached from
the specimen sampled, this can only mean that
it had reacted with the clay. There was also
some evidence that attringite (calcium sulpho-
aluminate) had been formed as a result of this
reaction,

Amelioration

35 Diamond and Exierience indicates that there are at least
Kinter two distinct stages of reaction involved:

4., the immediate or rapid processes
responsible for the "amelioration" of the
'~ water=-sensitive properties of untreated
- eclay soil,

b. The slower, long-term reactions resulting
© in formation of the final cementitious
products that are indicated by the gradual
development of strength in compacted soil-
. lime mixtures,

Heat of Reaction

24 Herrin and Ca0 + COp e CaCOa + 21 KCal
Mitchell Ca0 + H2 ~—-h-Ca(0ﬁ)2 + 15,3 KCal

ClibPDF™- www fastio.com
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Ionization Constant

1 Davidson, Since lime has a lower ionization constant

Mateos and than CaCly, the concentration of Cat+ from
Katti - lime is lower than that from CaCl,.
73 Mateos Ca(OH)2 dissociates in the soil because no
. traces of it are found in the X-ray analysis.
79 Wissa and When lime is added to a soil there results -
Halaby an immediate increase in the pH due to the
¥ partial disscciation of the calcium hydrexide.
Mechanism
15 Taylor=and A study of the soil-lime reaction was made,
Arman based on information yielded by the soil’

characteristics tests., These tests revealed
that . lime has an initial reaction, taking place
during the first 48 to 72 hr after mixing, and
a secondary reaction, which starts after this
period and continues indefinitely,

Particle's Surface Charge

61 Kleinfelder By the nature of their chemical composition,
a clay particle has negative surface charges
and positive interior . charges, éven though
their net charge may be zerc. The effect of
surface charges on a heavy particle (such as
sand) is insignificant, The effect on very
small particles of low mass is considerable
however, and these surfaces forces can greatly
alter the clay's behavior, ‘ '

Reaction Rates vs Surface Area

10 Greenberg Four different colloidal silicas were chemically
B attacked by Ca(OH)». The reactions rates are
different gut are not necessarily proportional
~ to the surface areas of the silicas, (It should. -’
be noted that the absolute rate of reaction is
: slower for these large crystallite size, '
~ : . chemically-pure, calcium hydroxides than for
' - fine-particle size, coimpercial grade limes,)

Volume Factor

56 Sherwood . ' Disintegration of lime stabilized soils, which
_ e ' have sulfate ion present, can probably be
traced to the formation of ettringite from a
. reaction between calcium sulfate and the clay,
. Ettringite occupies a greater volume than the
reactants resulting in an expansion which is
© destructive, ‘ :

r
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COHESION
Cohesicmeter Values
Theée values increased as the lime content in-
creased up to about 5%. Above this 5% level the
cohésiometer wvalues decreased., '
lLimé Fineness Effect

Finé limes are more effective in decreasing
cohésion than coarse limes.

_ Sluéiy Injection

Slurry injectioned into sands and silts partly
f£ill the voids and impart cohesion, although
there is a reduction in permeability.

The;Temperaﬁﬁre Factor

At low temperatures, cohesive soils stabilized
with lime and with cement showed similar in-
creases of strength with increase of temperature.
But at higher temperatures the soil-lime showed
relatively greater increases in strength than
the soil-cement. These tests consisted of 10
cohesive soils stabilized with "107% lime.

. GURING
Typés .

1. Moist cure
2. Mewbrane curing; seal the surface with a
coating (e.g., bituminous materials).

Time Factor

An expansive clay basement soil was ponded for
30 days after which it was treated with waste
lime (approx. 47%) and cured for three days. At
the end of three days, heavy loads of crushed
stone were easily hauled over the compacted
mass, '

Accelerated laboratory curing can predict the
unconfined compressive strength for field cured
specimens at summer temperatures. The strength
will be a function of their maturities.

The observed chemical changes on aging serve
mainly to increase the flocculation and reduce
the water affinity of the soil. Increasing the
curing time (35 to 60 days) tends to slightly
decrease the strength and increase the swell.
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23 Dawson and The specimens were carefully lined up so that
McDowell the maximum stress would be at the line of
the original break. By some process of auto-
genetic healing, the specimeris developed a
considerable strength in the period of re-curing,

53 Zube, Gates Mitchell and Hooper indicated that for a given
. and Hatano compactive effort, a mixing and compaction delay
| above 24 hours 1is not desirable.,

. 55 Dumbleton The effects of delay between mixing and
compaction are not so severe with soil=lime
mixtures. compared with soil-cement systems.

DENSITY
Low
24 Herrin and Lime treatment resulted in the lowering of the
Mitchell maximum dry density of fine-grained soils,

natural gravels, and gravel binder mixes.

26 Gutschick Normally low densitiei are undesirable but not in
the case of soils that are lime stabilized. The.
optimum moisture content is increased., The
change may be 5% or more,

588 Thompson In most instances the maximum dry density is
decreased and the optimum moisture content is
increased, A 2-5 pcf density decrease is typical
while :a 1=-5% optimum moisture increase is typical,

72 Nagaraj Lower dry densities might be because of the
resistance offered by the resulting flocculated
soil structure to. the compactive effort in the
attempt to obtain closer packing.:

73 Mateos Lime treatment lowers the maximum dengity of the
common soils and was generally accompanied by an
increase in optimum moisture content,

High
24 Herrin and High densities tend to improve durability.

Mitchell Strengths of these lime-soil~fly ash mixes were
' increased during the wetting-drying tests,

Miscellaneous
1 Davidson, The variations in density do not correlate with
Mateos, and  the improvements in strength.

Katti
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Although with fresh mixtures lower densities
were obtained with lime than with cement, the
lime and cement-mixtures gave equal densities
after a 3%~hour delay. This property of soil-
lime mixtures gives greater flexibility in con-
struction operations, If inadequate densities
are obtained the material may be reworked and

the moisture content adjusted. If heavy rain
occurs during the work, the material may be dried
out to the required moisture content,

DURABILITY

Opening Statement

Many jobs in south central states up to 14 years
old (at 1959 writing) are still in excellent

.condition. A few jobs in New Mexico and

California have withstood severe climatic condi-
tions for several years without damage from
freezing and thawing: Final conclusions with
respect to this matter will depend upon future
experience, . .

In fact, with time some of the stabilized solls
become less stable than the untreated natural

soils (Winterkorn inh relation to cohesive soil
stabilization and the effect of soil microbes).

Tests

Stréngths were increased during the wetting-drying
test, A soniscope is used to measure durability.

'The freeze-thaw test indicates that the use of NaOH,

Na4S1i04 or CaCly in lime-soil mixtures greatly
increases weather resistance,

The%durability of a lime~soil mixture can be

indicated by using a sand bath test.

In General

High density tends to improve the durability of

‘soil~lime-fly ash mixtures.

When the soils were stabilized with lime in the
laboratory they had very little resistance to
the freeze-thaw test; however, the soils seemed
more durable when subjected to actual field
durability tests,

The presence of the sulphate ions on soils
treated with lime can lead to disintegration of -
the soil mass,
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Lime treated clays are often sﬁsceptible to

damage from the freeze-thaw cycle.

FLOCCULATION
Iﬁpoftance

Since many soils in need of stabilization are
naturally calcium saturated, flocculated, or

both, the first two mechanisms (cation exchange,
flocculation) can no longer be seriously con-
sidered. The achievement of flocculation is
clearly not the mechanism by which lime stabilizes
soils, Many chemical agents (e.g., various salts,
alcochols, acids and ketones) induce immediate
flocculation when mixed with clays,

Cause

Accompanying base exchange is the lowering of the
zeta potential, which causes a flocculation of
the particles and reduction in the thickness of
the adsorbed halo-1ike moisture films surrounding
the clay grains,

Physical Changes

Flocculation increases with time,

Flocculation of clay particles, forms silt and
even larger sizes. This is shown up by a sub-

stantial decrease in the soil binder content
(=40 mesh), _

Flocculation results in an apparent change in

soil texture, the clay particles "clumping"
together into larger sized "aggregates."

The properties of a clay depend heavily on
whether they are flocculated or dispersed.

The decrease in dry density might be because of

the resistance offered by resulting flocculent
soil structure to external compactive effort in
the attempt to obtain closer packing.

Strength

Base exchange and flocculation produce an
immediate increase in strength,
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Permanency

Some engineers have questioned the permanency
of lime stabilization feeling that if it only
involved flocculation and base exchange, the
reaction could be reversed and the stabilization
benefits nullified, However, based on the
definite development of new cementing compounds
accompanying the breakdown of the clay structure
and the pozzolanic action, it seems certain that
the changes are relatively permanent,

HYDRAULICS

Water Stability

Soak strengths of lime~soil mixtures are increased
by using sodium compounds,

The PL of a fat clay soil is not a good indicator
of its water stability.

Water Resistance Barrier

Various soils can be waterproofed by treating
the soil with A1(OH)3 of Fe(OH)3.

Thefloess acquired hydrophobic properties after
it was lime treated,

Lime‘stabiliZation increases the resistance of
the soil mass to water absorption and capillarity,

Certain chemicals added to various soils impart
waterproofing qualities. Ortho-phosphoric acid,
Ca(OH); and portland cement are useful for this
purpose. ‘ '

The lime also serves as a moisture barrier,

There is less resistance to the action of moisture
with lime treatment than with cement treatment.
Therefore, after lime treating a road the surface
should be sealed to minimize the ingress of surface
water, N

To create a moisture barrier use lime,
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Moisture Content

Lime treating a clay type soil releases the
bonded water which results in a drying action,

An exzpansive soil was pre-expanded by ponding
for 30 days. It was then drained and 5% lime
was added. The resulting soil was firm follow-
ing compaction, ' '

The bearing capacity of a weak subgrade can be
improved by adding quick lime to the overlying
soil layer. This is due to water being extracted
from the subgrade for the hydration of the lime,

By rewetting the seil well in advance of a research
study the influences of changes in the soil due
only to rewetting can be minimized and better
control can be achieved. The portion of the
moisture content at LL that is due to water in

the voids of the individual aggregates, varies,

and so accordingly should the LL,

The percentage of loss @f\water in a soil is
approximately @3ua1 to one-half of the percentage
ded quick lime, o

In certain clays, the addition of lime yields a
less stromgly f£locculated structure that results
in a decrease in the optimum water content and-
an increase in the maximum dry density for the
same compactive effort.

- Rain

Herrin and ..
Mi:chell .

Russam and
Dumbleton
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Subgrades that are treated with lime are less
affected by rain than untreated subgrades.
During construction, lime treated bases seem to
be little affected by rain.

The unusual sensitivity to rainfall of a soil,
at the Melbourne Airport, was found to be due to
the high concentration of NaCl in the soil,
together with 40% of the clay mineral montmoril-
lonite, During the rain the NaCl content was
reduced, The montmorillonite then tended to
disperse which resulted in a rapid decrease in
strength., The addition of 4% lime to the soil
hindered dispersion and thereby gave a stronger
and more stable material.,
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Permeability

Permeability and capillarity are two different
things. Laboratory personnel often observe a
fast rate of wetting in moist-cured, partially
dried specimens, This should not be mistaken
as an indication of a high rate of permeability.
Compacted lime-soll mixtures are particularly
effective for repelling water percolation.

The chemicals (NaOH, Na,Si0Oz, and CaCl%) are
effective in promoting the compressibility
properties of the lime-montmorillonite clay by
increasing its permeability,

Thoﬁgh the data is limited, the permeability of
a compacted lime=-soil mixture is reported to be
much less than compacted soil alone.

The penetration of gravity water, and rapid
evaporation, can be stopped by forming water-
resistant barrietrs through lime treating bases
or subbases,

Caution: 1If the coefficient of permeability
of a soll lies between 10 x 10~% and 10 x 10-6
cm/sec it will not be satisfactory for lime
injection.

The permeability of fine sznd lenses (a%luvium)
were reduced from 10 x 107 to 10 x 10™° cm/sec
by treating the sand with a mixture of bentonite
and chemicals (primarily silicates). For all
practical purposes the final product was totally
impervious, ‘

During dry periods, dispersed clays can lower

the permeability of a soil, which in turn reduces
the rate of evaporation, But during the rain the
dispersed clay swells and plugs the pores reduc-
ing further water penetration, .

"Experience with black cotton soil (montmoril-

lonitic) shows that the addition of Ca(QH)2 in-
creases the permeability of the soil to 7%,
beyond which the permeability begins to reduce.”

Lime=-so0il stabilization results in a flocculated
soll structure which, while remaining porous,
results in a higher permeable mass that is stable
to the action of water,
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Wissa and The Ca0 + MgS0Qy, apart from having an increase

Halaby in strength due to the drop in water content
also shows a relatively steep increase of strength
with time. One reason for this is that as the
soil becomes more dense upon the introduction of
the MgSQ, there is a decrease in permeability.
This could also partially explain the increased
resistance to soaking.

Testing

Tumay, Larew, Rational permeability values of coarse and
and Meem fine-grained soils can be obtained by using
‘ radioisotopes as the tracer, Water movement
in a slide area can be traced using household " Y
bluing or fluorescein. But it must be used
in neutral water, v

Marshy Soil Stabilized

Herrin and A marshy soll containing a large amount of

Mitchell organic matter and salt was successfully
stabilized with lime. The underlying soft
material did not break through when the treated
subbase was rolled. Cement and asphalt stabfli=
zation was found to be unsatisfactory. S

Miscellaneous

Miller and The water absorption test shows promise for

Couturier evaluating lime-fly ash-aggregate compositions,
This test showed the same trends as the
strength and durability tests. The 31mplicity
of this test would make it desirable,

Zolkov Clay particles that were permltted to harden at
a high density will be much less porous than
those that have hardened at a low demnsity.

Cleaves A reasonably stable soll mass wmay become unstable
when the cations are exchanged by the action of
percolatlng waters,

Peck, Hanson Slurry solutions injected into soil voids harden

and Thornburn to varying degrees and impart cohesion. Since
they partially fill the voids the permeability
is also reduced,

588 Thompson Poorly drained soils (B horizon soils) are

generally quite reactive to lime as compared
with well drained soils,

www . fastio.com
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The higher treatment levels (127 compared to
8%) were needed because of the less uniform
mixing which coccurs when stabilizers are added
to wet soils, With the wet soils 50% to 100%
higher levels were required. Improvements in
the efficiency of mixing would probably reduce

'the required amounts of stabilizers. However,

with the existing field equipment it is doubtful
that succéessful stabilization of the wet soils
can be achieved with a reasonable 1evg1 of

treatmentgh i o -

ION EXCHANGE

Tmportance:

Cation exchange éah_no longer be sericusly cén=
sidered as an adequate explanation for the
stabilizing effects of lime on soil,

Puri and Uppal have emphasized that the BEC*

of clay has a definite meaning only if the
titration refers to a definite pH well on the
alkaline gide and they recommend use of the
actual titration curves. In summary it should
be pointsll out thet ion exchange is not the only
way in which ions are sorbed. They may be
sorbed by oppositely charged ions already on the
surface, whether there by previocus sorption or
as ions which are part of the crystal lattice of
the solid itself, - :

Soil Property Changes

The properties of a clay are profoundly modified
by base exchange, which involves .chiefly minor
constituents whose determination in the present
(1950) state of the commercial art is difficult
and not precise,

A reasonably stable soil may become unstable or
sensitive 1f perfolating water affects the ex-
changeable cations of the constituent clay
mineral or leaches out soluble salts,

The first chemical reaction which takes place
is of a base exchange nature which lowers the
PI and gives the soil a loose friable appearance,

= *Base Exchange Capacity
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7 Boynton During the first stage, the clay mellows,
through base exchange, so that pulverization
can be readily achieved during the second mixing.

78A Urquhart and When the base-exchange material is exhausted
Babbitt (Catt saturated) it is regenerated by allowing
a solution of NaCl to stand in contact with it.

Time Factor
26 Gutschick Base exchange is an immediate reaction., 6 Larger

cat* replace the smaller, weaker, HY, K, and
Nat of the clay.

45 McBain Base exchange is slow requiring several days for
substantial completion, .
54 Zube and This action (base exchange) is rapid (within an
Gates hour or two) if the soil is pulverized and

thoroughly mixed.

588 Thompson The cation exchange reactions do not occur within
' a short period of time if it is not possible to
obtain an intimate mixture,

72 Nagaraj The magnitude of alteration of surface character-
istics and the time required for reaction are -
dependent on the type and quantity of clay mineral
in the soil,

1. quick occurrence = kaolinite .
the exchangeable cations are held around
the edges of the flakes and elongates the
units,

2., slow occurrence = montmorillonite the ex-
change is predominantly on the basal plane

~ surfaces,
’ Results
. 30 Laguros, The effect of lime on calcium montmorillonite
Handy, and shows a drastic change, yet there is no logical
Reign ion exchange reaction.
54 Zube and Fine plastic clay particles are agglomerated by
Gates base exchange into coarse friable particles.
55 Dumbleton Base exchange and flocculation produce an

immediate increase in strength.
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Miseellaneoue

The results of our recent experimental work
contradict these hypotheses (lime fixation
point;, pH - dependent exchange sites), It is
shown that cation crowding effect is, in reality,
one of physical adsorption of Ca(OH), onto the
clay surfaces, We postulate that thé ameliorative
effects are due to almost immediate but limited -
chemical reaction at the points of contact be-
tween the edges and faces of primary clay
particles within the flocs formed by the normal
electrolyte effect of added lime.,

A lagoon on Treasure Island in San Francisco Bay
contained a clay which allowed water to escape
through it, The problem was solved by converting
the clay, through base exchange, into a sodium
clay which has a very low permeability to water,

The:exchangeable cation has considerable effect
on glycol retention by layer silicate minerals,
The relative retention levels on homo-ionic
clays are in the order of K less than Na less
than Al less than Ca.
LIME

General Properties

Fineness |

Mﬁ& be it's somewhat like the coffee bean which

may be pure but you need to grind it to make

good coffee,

In general the purer and more concentrated, the
lime, the more finely divided it is,

1. =200 mesh hydrate. Contains real active lime,

2, +200 mesh hydrate, Contains much inert
materlal, .

Therefore,‘we recommend no . more than 20% +200
mesh grading.,

Availability

Almost always the finer the lime, the more
-available it will be.
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Carbonation

There are many cases in the field where lime
is used which contains significant quantities
of CaC0j.

Lime should not be exposed to open air for
more than 6 hours before being mixed with the
soil.

The Texas Highway Department maintained
stockpiles in the open of lime treated base
material at strategic locations fgr small -
maintenance and repair jobs, Only the outside
"inch" surface loses its effectiveness due to
carbonation and overall this is insignificant,

Waste Limes

In general; the best of the waste limes lack
uniformity. :

Pozzolanic Sensitivity

Pozzolanic reactions are extremely sensitive
to the chemical class of lime; and the type
desired must be specified in some detail. An
exception is where only a change in soil
plasticity is desired. ' :

Optimum Moisture Content

The final soil-lime mixture can differ as

much as 2% when various commercial limes are
used,

Lime Specifications

It is believed that we should require our limes
to be at least:

l. 90% hydrated lime

2, a minimum of 85% (=200 mesh) when wet washed
Pay for lime on the basis of the purest grade.
There is obviously a vast difference between
limes of 90-957 available Ca0 and those of
70=-80%, just as there is with similar concentra-

tions of 100 proof whiskey vs 86 proof; and many
other things. ‘
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Accordingly, we recommend a minimum of 907%

. available lime or a maximum of 95% total oxides

(non-volatile basis) as a reasonable lime
specification. This is the minimum quality of
commercial lime generally produced,

It isn't this simple -

"Just add 12% more of the 80% product to meet
the equivalent total free lime of the 907
product." Because of the higher percentage
of 4+20 mesh material in the 807 lime that is
largely nonreactive, about 25-35% more lime
would be required for equivalence.

Early épécifications for lime in California

-called for 85% Ca{OH)2, requiring a high grade

limestone to produce this product. Later,
after an economic study in 1962, a 75% Ca(OH)»
requirement was established (but requires a
little more lime).- i .

92% Ca(OH), was used

Miscellaneous

When evaluating a dolomitic lime, for use in

" Davidson, and soil stabilization,. the present most reliable

54 Zube and
.Gates .
56 Sherwood
20 Wang,
Rosauer
54 Zube an&
Gates

wwwfastio.com

method considers: ‘

1, the crystal size of the Mgl
2, the-amount of $i0y and Rp03 in the lime

Ca0 Ca(OH)-
MW $6.08 74,10
Ca 71L.57 54.1%
o 28,.5% 43,2%
H 2.7%
Cao 100% 75.7%
Ho0 24, 3%
Orthorhombic or
Trigonal

LIME APPLICATION TECHNIQUES
"Drill-Lime" Stabilization

A new maintenance technique developed by
Oklahoma Highway Department. Use for:
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1. Correcting flexible pavement distress.
2, " sliding highway fills,

General Procedure

1, Drill holes through pavement - 9" dia.,
30" deep and 5' centers.

2, Introduce hydrated lime into holes.

3. Add water,

4, Back £ill, tamp and patch surface,

»

74 Roth Post Stabilization Procedure

1. Drill holes = 12" dia., 2' deep, about
5’ .¢enters, e
« Place 25 1lbs, of 1lime in hole,
Add enough water to form a thick slurry
after stirring.
. Backfill hole with borings and compact
with pneumatic tamper. ’

o

2
3
4

High Pressure Lime injection

4 Higgins Using an adaptation of oilfield cementing
equipment, lime slurry (up to 1.5% lime by
weight) was injected by pressure (about 600 psi)
to various depths in a hydraulically placed ’
fill. The strength of the slurry was changed
when the amount of the injection was changed to
maintain the amount of lime being injected.

l. The injection apparatus was equipped with a
mechanical seal at ground level for stopping
feed~-back around the injector.

2, During the injection process, a definite

bulging or rising of the soil near the

injection was noticeable.

3. Surface piping losses were somewhat reduced
by driving wooden pegs into the soil at the
point of escape.

- ' Ground Water Lime Distribution

- 6 Williams, and The treatment (for stabilizing an active land-
Handy slide) consisted of augering holes through the
fill on a 5-foot grid pattern, and seeding the
saturated shear zome soil with quick=-lime plus
watexr for hydration. Hopefully the lime would
slowly dissolve in the ground water and diffuse
throughout the soil in the shear zone, changing
its plasticity and internal friction. Treatment
of the two lots required 20 tons of lime, '
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Ponding

A bﬁilding site foundation in Texas consisted
of a clay formation encountered near the

~surface and extended for a depth of 50 feet

or more., This expansive clay, Del Rio formation,
has a PI of 40 to 70 and varies considerably in
moisture content, Triaxial tests on undisturbed
cores indicated a bearing capacity of at least

3 tons/sq. ft. using a safety factor of 2, Six
feet of the clay was excavated and the basement
soil was ponded for thirty days. Waste lime

(4%) was then added to a depth of 12" and the

mixture allowed to cure for 3 days. Following
compaction, heavy loads of crushed stone were
easily hauled over the compacted mass.

A ponding-stabilization foundation job built in
Texas over a year ago (before 1960) demonstrated
the pronounced drying action which occurs by
lime releasing the bond water in the clay. On
this job an expansive clay soil was pre-expanded
by ponding for 30 days. After draining, 5% lime
was added to the over=-saturated soil; and within
4 hours after mixing started, the soil was firm
enough to support a light pickup truck,

"Doﬁble-Application Method"

This method proved itself capable of solving
some of the more important problems in stabili=-
zation,

Gengral Procedure

1. 1st application of lime (mix with the soil).
2. melloying (rotting) period follows (keep
.:--{' mOiSt o -
3. 2nd application of lime (approx., 30 days
~after lst),
4. compaction may immediately follow.

Crews first scarified the top 6" of the compacted
£ill, then spread about 15 1lb. of lime per square
yvard (3%) from pneumatic bulk haulers, generally
in one pass, They watered heavily the area to be
stabilized, then began preliminary mixing with a
disc harrow and high~speed rotary mixers.,
Generally two passes of the mixers were enough.
The layer was sealed with a 25-ton pneumatic
roller, then allowed to cure for 48 to 72 hours.
The lime and soil was then remixed with a
scarifier and rotary mixers, adding more water in
the process, It was then compacted with a 50-ton
pneumatic roller, the surface bladed to grade and
kept moist until the cement-treated base was

prlaced upon it,
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Miscellaneous
Allowable Delay (before compaction)

18 Mitchell and 1, The American Road Builders Assoc. points
Hooper out that the mixed material may cure or
age for 24 to 48 hours prior to compaction
. as long as optimum moisture conditions are
maintained, '

2. McDowell states that soil-lime mixtures
may be compacted any time within 2 days
after mixing with delays up to 4 days
permissible if heavy plastic clays are
used, -

3. Delay between mixing and compaction is not
detrimental provided extra compactive
effort is used,

Fly Ash
39 American Rd. Fly ash should be spread on the road before
Builders the lime is added, However, fly-ash and re-
Assoc, active clay soils have been successfully pre=-

mixed at central mixing plants,

Lime Exposure

2F McDowell Lime should not be exposed to open air on
the job for more than six hours (before mixing).
54 Zube and Additional lime should be added, above labora-
Gates tory indications, for comstruction purposes.

Usually about 0.5%.
Lime Storage

59 Street and The Texas Highway Dept, maintained stockpiles
Highway Manual in the open of lime treated base material at

strategic locations for small maintenance and
repair jobs, The small amount of lime that
loses its effectiveness through carbonation
due to exposure is insignificant since it
occurs in the outside "inch'" surface of the
stockpile, ‘ v

Slurrj Form

2D McDowell When lime is used with granular materials the
lime should be in slurry form,
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For pumping purposes, the maximum percent
ii?e in the slurry should be not more than
0%. '

Dry Form

Becausé of limes pronounced drying action,

.a copious amount of water is required when

used in the dry form. Use at least 5% over
OP t iml&lm o .

Pulvetrization

- A

It i# generally impossiblé to effect adequate
pulverization (all passing the 1" sieve and
60% passing the #4 sieve) by merely one mixing
operation (regardless of the number of mixing
passes). It necessitates a two stage mixing
with a 1 to 2 day curing peried,

Construction of a lime-soil subbase was rela-
tively trouble-free. By its quick reaction
with the clay, lime aided in pulverization and
density was obtained after only a few passes
of a pneumatic roller.

Soils which are difficult to pulverize may be
stabilized with lime treatment, but at the
same time the pulverization requirements should
be relaxed,

If the clay is lumpy, a curing delay (moist
cure for 24-48 hours) helps to "rot" the
lumps which facilitates pulverizing.

For cohesive soils it is possible to achieve
a satisfactory job without thorough initial
pulverization,

Powdered vs Liquid Trace Chemical "Accelerators"

Most of the "accelerators" gave better results

when mixed as a powder. The most noteworthy
is NapCO3 which gave a higher comparable
strengthg

7 day
71%

4 month
187 above liquids

28 day
28%
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CaC03 is thought to be more effective when

the carbonate crystals are formed on the grains.
This is more apt to cccur when the NasCO3 is
added in powdered form since when added in the
mix water the CaC0O3 may be prematurely pre-
cipitated before compaction is completed,

Another advantage is the slower productien of
NaOH (using powdered Na,C03) may be more favorable
to sustain formation of poZzolanic products,

Caution

Bases should not be reworked after 7 days
from compaction unless a small (1%) amount of
lime is added,

Mixing Difficulty

The main difficulty involved with wet soils
is in obtaining adequate mixing in of the
stabilizer,

LIME RETENTION
Lime fixation in clay does take place.,

Lime fixation capacity of montmorillonite or
kaolinite soil is the same as the optimum lime
additive for maximum increase in PL of the soil,
Lime added above the lime fixation capacity
caused the fermation of cementing material with
clayey soils,

In contradistinction, we suggest that with many
soils, small increments of lime less than the lime
retention point do in fact add to the strength

of such samples as a result of chemical reaction.
Data are available from the literature, however,
which bear directly on the question of strength
gains, and hence reactivity, in soils treated

with amounts of lime below the lime retention
point,

The results of our recent experimental work
contradict these hypotheses, Namely, that an
amount - of lime must be added to a given soil
above a given point to maximize these effects
(reduction in PI, swell pressure, volume change
on drying, permeability, etc.).
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(Ho, Handy et ali). For reasons of purifi-
cation we later substituted "lime retention
point" for "lime fixation point." Regardless
of the details of the adsorption mechanism,

the lime retention point is a valuable concept,
particularly useful for engineering purposes,
To be sure, the lime retention point slowly
changes on curing, probably as a result of
localized pozzolanic reaction. Of more practical
importance is that the pozzolanic reactions
sufficient for cementation do not occur unless
lime is added in excess of the lime retention
point, '

Lime added above the 1lime fixation point, which
is dependent on the BEC, causes a change in
matrix and therefore a gain in strength,

LIME MIGRATION

High Pressure Lime Injection

Results obtained indicate that a good distri-
bution of lime was achieved at depths up to

20 ft. (a relatively heterogeneous, hydraulically
placed £ill, consisting primarily of soil with
high clay content, usually silty to heavy clays).
Although there are fluctuations in the pH from
sample to sample which probably indicate some
non-uniformity of lime distribution,

Miscellaneocus

' The movement of water {(electro-osmosis method)

was satisfactory but no appreciable amount of

~ lime was moved..

Hopefully the lime would slowly dissclve in the
ground water and diffuse throughout the soil in
the shear zone, changing its plasticity and
internal friction. ,

Differences in clay content, clay minerals,
density, adsorbed cations, and temperature will
affect the diffusion of lime in soils, Water

is essential only to provide a medium for lime
diffysion, 'A method for measuring lime migration
is described.
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74 Roth Those with an intimate knowledge of soil
chemistry state that they have been unable to
prove the theory that lime migrates through
the soil mass performing desirable functioms,
Whether it be a true migration or that the lime
and the soil immediately surrounding consoli-
date to give a piling effect, a highly beneficial
phenomenon does occur.

LIME STABILIZED SOILS
Gravels, Sands, Silts, and Clays
Gravels

Plastic Index (PI)

24 Herrin and A small percentage of lime lowers the PI and
Mitchell increases the stability of some gravels.

No Improvement

Lime and lime-fly ash when added to Tennessee
chert and gravel bases showed no improvement.

Pozzolans

When expanded shale, used as a pozzolan, and
lime were mixed with two gravels an improved
mixture resulted.

25 Miller and In a lime-gravel-fly ash system 4% fines were
Couturier-- found to result in:

1, relatively hiﬁh compressive strengths
2, " densities

3. 1low losses in durability tests

4, " water absorption

Sands
. 19 Mateos and Lime stabilized dune sand competes very well
Davidson with portland cement stabilization in strengths

according to freeze-thaw resistance and costs
of mixtures.

64 Woods, Berry, Sand soils are too coarse in general to react

and Goetz well with lime alone. A pozzolan is nearly
always required, '
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The quantity of free surface silica is small
and thus the amount of cementitious silicate
gel formed is limited, further, the rate of
extraction of the silica with alkali is slow.
Hence, sodium silicates by compensating for
this idsufficiency are more effective as
modifying additives than other sodium compounds.

Silts

The more plastic soils are improved to a greater
degree than more silty soils.

Silty soils,” with less than 10-12% clay, may be
scméwhat pozzolanic depending on the minerals
present.,

In general:

1. “ the stability can be obtained with lime alone.
2. best lime-pozzolan ratio 1:2 '
3. 1if the silty soil contains sufficient
" montmorillonite clay to coat the grains; the
" mix will not be as pozzolanically active and
* will benefit from larger additions of
-~ pozzolans, P

With properties and conditions intermediate of
sands and clays, it can be seen that it is rela=
tively. of little importance which sodium compound
is ‘'used, at least in terms of ultimate strength
development. :

Sands and Silts

TofstéﬁiliZe sandy or silty soils with lime and
fly-ash use 0.5% Nay,CO3. >y : :

Sanids and the coarser silts are generally not
benefitted by lime treatment, ;

Baééd,ﬁpon the unconfinéd compressive strength
tests,.sandy gravels, well-graded sands, and
silty .soils could be stabilized with lime,

Clays
Kabiinite
" Description o
Alternate layers of alumina and hydrate
silica., Occurs in tiny flat plates, roughly
hexagonal; average size of 0,7 micron in

diameter, and 0,05 micron thick; found in
' “books" or worms. :

e
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Pozzolan

Kaolinite is an effective pozzolanic
material,

Strength

Raolinitic soils exhibit strength increases
with the addition of the first increment of
added lime. Strength begins when the
calcium attacks the edges of the kaolinite
particles, '

Illite

Description

From the standpoint of thermal analysis,
illite is almost any clay which is not
montmorillonite or kaolinite.

Strength
Lime added in excess of 4 to 6% accounts

fgr the strength developed in an illite=lime
mix,

Montmorillonite

Description

According to Jackson, montmorillonite type
clay has an ionic_atmosphere and a water
layer that is 15 & thick.

Montmorillonite occurs in very fine plate-
like particles seldom over 0,05 micron in
diameter, ,

Montmorillonite is less.weather resistant
than kaolinite. :

Pozzolan

Montmorillonite is an effective pozzolanic
material.

The pozzolanic strength of montmorillonite
gains slowly but it immediately loses its
plasticity.
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 Strength

Limé édded in excess of 4 to 6% accounts

for the strength developed in a montmoril-
' lonite~lime mix,

In the montmorillonite-lime-fly ash system
the twelve additives (NaOH, NasCOj, NaCljp,

ete,, see additives to the soil~lime re-
~action) were detrimental,
decrease; in some cases, can be attributed
‘to the excess of Nat present and the high
‘alkalinity of the pore fluid,

The strength

In'Geﬁer&i

Adding fime to a calcium-montmorillonite
clay results in a drastic change., (no
This has

A lime-montmorillonite reaction did occur

resulting in 7.6A products (calcium

<aluminate hydrate).,

iX=ray and DTA show unreacted lime remaining

in the mixes after two years, and no un-
reacted mineral in the montmorillonite
specimens,

A 40% montmorillonite soil with a high
concentration of NaCl exhibited an unusual
The soil tended

decrease in strength. The material was
stabilized with lime which prevented the

clay from dispersing.

A Black Cotton soil (montmorillonitic) was

- successfully stabilized with 8% lime.
‘With additional lime the strength decreased.

But with a gumbotil soil (montmorillonitic)
this phenomenon was not observed even when

‘as much as 24% lime was added.
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Miscellaneous

Strength

It is mot necessary for strength purposes
to add pozzolans to montmorillonite and
kaolinite soils,

Dolomitic limes produced a higher immersed
strength value when used with illite-
montmorillonite soils,

Plastic Limit

The change in PL of the soil-lime mixes
was dependent on the type of clay present,
It was:

1. greatest with montmorillonites

2, somewhat less with illitie=-chloritic
clays : :

3, least changed with kaolinite clays.

Mechanism

The suggested lime stabilizing mechanism
for three layer clay minerals (illites and
montmorillonites) are:

1, Cation exchange. Existing cations,
between the silicate sheets, are re-
placed with Catt,

2, Deterioration.. The whole structure
deteriorates., :

3. New Phases, Formation of substantially
new crystalline phases. :

Fine grained soils have a specific surface!

- and contain cornisiderable reactive silica.

Thug, they will lower the pH of the pore

: fluid when mixed with cement., Hence,

sodium hydroxide by appreciably raising .

-;5._the pH will aid considerably in the

cementation process,
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. Lime Depletion

Clays containing mainly illite, chlorite,
vermiculite or kaolinite are all less
effective robbers of lime and may be

slightly pozzolanic. Improved performance

" may be attained by adding pozzolan,
- (€e80, 1:9 to 4:6 lime to fly ash),

LIME STABILIZATION VS CEMENT STABILIZATION

Dunibleton

Gutschick

'Dumbleton

Wissa and
Halaby

Dumbleton
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Lime Stabilization

The generated strength is derived from
reactions between the lime and the clay
fraction of the soil, :

- Effectiveness

Lime is effective in stabilizing highly
plastic soils,

Délays between mixing and compaction are
not particularly harmful with soil=lime
systems but are with soil-cement mixes.

It is seen that CaO + MgS0Q, gives higher
unsoaked strengths than cement <+ MgS0,
mixes,

Cement Stabilization

The primary source of strength in cement-
stabilized soils is the formation, upon
hydration, of cementitious particles which
are formed independently of the soil. In
addition, lime is released in the course of
the hydration of the cement and this lime
may react with the clay present in the soil.
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Effectiveness

Cement is generally restricted to non plastic
to low PI soils,

Cement-=clay system is more resistant to the
action of moisture than lime-clay mixes,
There is, however, considerable loss in
strength in the cement-stabilized clay.,

Cement stabilized sand mixtures containing
Ca, Mg or Na sulphates were found to be
stable when immersed in water even.-after one
year, This was not so when lime was useéd,-

Cement treatment was effective for sandy
soils and less favorable when used to
stabilize heavy clays.,

Miscellaneous

The loss of eompre581ve strength durability,
and density due to delayed compaction can be-
come so great in intensity that any physical
improvements to be derived from-the addition
of portland cement to the mix are nullified.

Cement grout lnjection is limited to:
1. soils whlch are relatlvely homogeneous

2, unstratified
3. " whose grain size are not too small

(not appropriate for soils much finer than

Lk
o

coarse sand),

Cement or lime stabilized clay mixtures con-
taining Ca, Mg or Na sulphates disintegrates
in a few days after being immersed in water,

ORGANIC MATTER
Determination of Organic Matter Content

To determine the amocunt of organic matter

present, air dry soil passing No. 200 sieve

(does not include large fibers and roots)

was treated with a known quantity of

K2Cr207 plus H2S504 solution. Any organic

matter was thus oxidized and the amount present

was calculated from the amount of unreacted

ﬁCrgo which was titrated with FeSQ4; sclution,
e organic content is expressed as a percentage

of the dry weight of the soil.
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Deléterious

Exﬁériments with lime led to no improvement
with organic soils which were unsuitable for
treatment with cement.

The ‘presences of substantial amounts of organic
carbon (more than 17%) adversely affected the
lime stabilization reaction.

Theghigh organic content (2.5%=14%) and
plasticity of these soils are usually deleterious
with respéct to chemical stabilization.

Strengths After Lime Treatment

The presence of organic matter in the soil
accounted for a slight decrease in the strength
of the treated and untreated soil.

In this investigation it was found that with
many soils, particularly those containing

organic matter, the addition of sodium sulphate

resulted in a considerable increase in the
strength of the cement-stabilized soil, although
with a few soils a reduction in strength was

obsgrvedu

Lime-soil bonding is influenced by organic
matter and exchangeable cation status.

Organic matter adversely affected the strength
producing pozzolanic reaction,

It is possible that certain soil profiles (A &
B horizon with a large percemtage of organic

matter) cannot be strengthened by lime treatment.

Miscellaneous

In an organic soil-lime system, both the soil
silica and the organic matter are competing fgﬁ&

Moréover, the addition of most alkali additives
not only solubilizes the soill silicates, but
also intensifies the organic activity.

The low strength of the 80% illite = 57 kaolinite
and ‘5% montmorillonite - lime mixture can be
attributed to the organic matter (7%) which
"complexes" lime, and the swelling during curing
and ‘'soaking tend to rupture cementitious bonds.
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A fairly, Stiff unstable bluish clay containing
8 = 12% organic matter, 30 = 40% water, and .27
NaCl was stabilized with hydrated lime (3%).

Adding NaOH to the séil=cement~system increase
the pH which tends to activate the organic
matter to the detriment of the cement gel.

The calcdium ions are absorbed by the organic
matter (the phenolic or carboxylic constituents)
and thus the calcium ion concentration is

reduced to below the necessary amount for calcium
silicate precipitation (soil-cement system).

The addition of an alkali will only encourage the
absorption of calcium ions, However, in the
presence of sulfate the pH is lowered and the
organic matter remains inactive, and the benefit
of sodium ions can thus be achieved.

pH
Sensitivity

Yes

The lime adsorption reaction is uniquely
dependent on pH of the suspension,

A minimum pH of approximately 10.5 was neces-
sary for a pozzolanic reaction,

The Base Exchange Capacity of clay has a
definite meaning only if the titration refers
to a definite pH. o :

But Not Always

Many types of soils react favorably to lime
stabilization regardless of pH. '

' The exchangeable H' played a very minor role,
regardless of the acidity of the soils,

High pH lLevels
Determination
The higher pH readings for NaOH should be
treated with caution due to the difficulty

of true pH determination of the solutiom with
such a high concentration of Nat,
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Lim Requifément

The large amounts of lime required to bring
the pH of the soil slurry to 12,6 is re-
markable., The lime concentration at this pH
is about 8 gm/100 gm. of H20, whereas the
lime's solubility is less thanm" .1 gm/100 gm

_ Hzoa ‘

 M§§hanism

Adding lime to the soll increases the pH of
the pore water and this facilitates the
formation of a cementitious gel (calcium
silicates and/or aluminates) by increasing
the reactivity of the surface silica.

The calcium ion concentration is suppressed
by adding NaX (where X is OH™, S0, , CO3~"

or A102” .... the .common ion effect) which
retards precipitation of calcium silicate,

The Nat reacts with the soil to form a soluble
silicate, ‘Therefore, soils should be analyzed
for their potential reactive silicate content"
and then the proper amount of Na®™ added for
the production of NaySi03. Soils with low
amounts of reactive silica (sands and silts)
do not provide sufficient silica (or aluminate)
to react with lime.

Adding NaCl or CaClp generally causes a
progressive decrease in pH. :

However*, as the lime reacts with the "gunk'#*,
the pH drops; and a drop in pH tends to promote
the hydrolysis of the C3S,H, to form CSH. The
CSH is beneficial if it has been formed by the
reaction of the lime and soil particles, but

it is detrimental when it is formed at the cost
of the formation of the C3SoH. whose strength
generating characteristics are superior.

" “WRefers to Soll-Cement Reactions,
' *¥A small but important fraction of the silica and alumina occurs
in an amorphous highly reactive, hydrous state on the particle

~surface,

ClihPDF - winw' faslio.com
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Pozzolanic Reaction

The decrease in pH of the mixture with time is
presumably due to the lime being used up in the

pozzolanic reaction.

Silicate Solubility

The solubility of soil silicate is greatly in-
creased at high pH (12.3),

Miscellaheous

If the soil is salt free, the resistivity
correlates with density. Whereas if the soil
contains a kaown salt, the resistivity cor-
relates with the soil properties) In this case,
the determination of the salt content can be
made using resistivity.

(Ho, Handy et ali). It is interesting that in
this region the pH has stabilized at 10,5,
which other evidence suggests is the thresh-
hold for pozzolanic reacticn,

The changes of pH with time (based of course
on the initial pH determination) can be related
to the amount of lime absorbed,

Marshall and Krinbill refer to colloidal
particles of clay as colloidal electrolytes on
account of their charges and conductivity, A
hydrogen clay paste has an appreciable conduc--
tivity and a pH between 2 and 3.5; whereas, if
it is allowed to settle, the supernatant water
is approximately neutral and exhibits very
little conductivity,

Broadly speaking, 4 pH greater than approxi-
mately 7, the Ca/Mg ratio in excess of about
1.5 with larger-than-average amounts of ex-
changeable sodium, and poor natural drainage
were indicative of good Lime-reactivity.

The cation portion of a chemical stabilizer
appears to be the main factor effecting stabili-
zation, along with the pH of the solution,

Additives which have a high pH factor or large
hydrated cations should not be used as
stabilizers,
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To a 2:1 aqueous solution by weight of dry
soil was added enough CaCly to give a molarity
of 0,01, and sufficient time was allowed for
complete flocculation to take place., The pH

of 'the supernatant was then measured with a

pH meter which had been balanced with two known
buffer solutions. (pH4 and pH7). '

THE POZZOLANIC REACTION
Statements

Pozzolanic reactions require lime in excess of
the lime retention point for sufficient
cementation.

The étrength of lime-pozzolan systems depends
somewhat on the kind of cementing agent formed
andialso to a great degree on the "gel/space"
ratio.

In general; the pozzolanic reaction is sensitive
to the class of lime used, But when the only
desired change is in soil plasticity the class
of lime used is relatively unimportant.

Theﬁiiﬁempozzolanic reactions main gain-in-
strength with time is due to the precipitation
and cementation of the CaCO3 (from COp in the

water), and the complex silicious and aluminous
gels of calcium,

catt + 2(0H)" + S10p (Soil Silica) = CSH
catt + 2(0H)" + Alp03 (Soil Alumina) = CAH

'Reaction Products

Comﬁinati@n with lime forms stable gels whose

.gtability is mot impaired by leaching.

Lime—m@ntmorillmnite (or kaolinite) produces a

‘cementing material equal to or greater in

strength producing qualities than products of
the reaction of 1ime with £ly-ash.

The lime=scil pozzolanic reaction occurs between
soil silica and/or alumina and lime to form
various cementing agents, Organic matter
adversely affects the strength producing
pozzolanic reaction. :
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Optimum moisture of the final product of the
pozzolanic reaction depends upon the percentage
of pozzolan in the original mixture.
Miscellaneous

Using a base as an open surface road prohibits

the development of ‘the pozzolanic reaction.

It appears that, to date, no known test on the
natural soil can accurately indicate the
compatibility of the soil with lime, Base
exchange capacity, the pH of the soil, nor the
plasticity characteristics seem to be satis=
factory indicators, The only positive method
that will indicate if lime by itself will improve
a soil is a test of the lime-soil mixture, _

The detection of a pozzolanic reaction (providing
no carbonate is present) is noted in the change
of the Cat* content of the HCL leachate from
soil-lime-water system which was previously
leached free of dissociable Catt with a KC1
solution,

The worse the pozzolan (clay type) soil, the
greater its improvement with lime treatment.

Well~graded mixes containing binder material
such as clay or calcium carbonate (caliche)
may gain enough added strength with 2~47% lime,

SAFETY
Potential Danger
Quick Lime -~ "Hot Lime"

Quick lime is more dangerous to use and much
more caustic than hydrated lime., This lime
can produce severe burns.

Quick lime does present some hazards in
handling, but the hazards can be minimized
by the proper precautions,

Quick lime can produce severe burns qulckly
when in contact with moist skin. It is con=
siderably more dangerous to use than hydrated
Llime.
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Hydrated Lime

'Hydrated lime is not dangerous to work with
provided a few simple precautions are
exercised, Some general points are:

1;

2.

3,

The “severe burns'" danger is remote
It is desirable to prevent skin contact

Avoid ?rolong contact with a perspiring

worker
is .also chafed by tight clothing,

Body Protection

o 39 Amero Rdu .
Builders
Assoc,

Clothlng
'#Shirt

“Wear at least one long sleeved shirt.
- not roll up sleeveso

thhoes

- Wear high tops.

- Trousers

kThe troeeers legs should be tied over
. tops,

- VHat

75 Roads and
Streets Magazine

-TA hat orkcap should be worn.

?Gloves

j;Wear.a gauntlet type glove,

gFace Mask -

'*inrker sﬁould wear a face mask.

Protective Cream

s skin, especially where the skin

Do

shoe

39 Amer. Rd. o Apply a protective eream to exposed areas of
the body. -~ Some- of the creams used are: -.
Vaseline and West's #311 cream.

Builders
Assoc,

Eye Protection

Wear safety glasses (or goggles) with $ide
shieldso_

ClibPDE “wivw fastio.com
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Lung Protection

Although inhalation of some lime dust is not
injurious mouth and nose protection in the
form of a lightweight filter mask is a "must."

Bathing

After work, bathe or shower to cleanse the body,

First Aid

Skin Burns

1.

2,
3.

Eyes

1.

2.

Wash burn area with soap and water to
remove the lime, : =
Apply a standard burn cintment,

Keep burn area bandaged during healing
to prevent infection,

Hold eyes open and flush with water
immediately. Too much water cannot be
used! (Plastic eye wash bottles are
ideal for this use),

Repogt all burns (especially eyes) to
an MD, . ‘

Caution! ,;

Sensitive Skin

Some péople with particularly sensitive
skin have developed forms of skin irri-
tation (dermatitis) through prolonged contact.

Hot; Humid Wéaéher

Hot, humid weather conditions tends to
heighten the caustic effect of hydrated
lime ron worker's skin.

SLOPE STABILIZATION

A fill containing for the most part calcarious,
montmorillonitic loess and glacial till was
géaggg on a Pennsylvanian shale hillside sloping
to slide for three years, A discreet shear zone
was identified and seeded with quick lime plus
water for hydration., Hopefully, the lime would

The earth began to move and continued
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o

‘ slowly dissolve in the groundwater and diffuse

- throughout the soil in the shear zone changing
its plasticity and internal friction, Two
months later it was observed that soil shearing
strength was increased 507 above average and a
pozzolanic cementation reaction was indicated.,
Two years later the shearing strength increase was
100%. Twenty tons of lime were used to stabilize
two. residential lots.

40 Berkland Consideration of these data indicates the
possibility that certain slopes in the Franciscan
formation which owe their instability to the
presence of swelling vermiculite may be chemically
stabilized. r The introduction of a potassium salt
solution through techniques of spraying or
infiltrating could convert the vermiculite into
an inoffensive, mica-like clay which would resist
seasonal volume changes;

42 Cross "Liquid nitrogen is mighty cold at =320 degrees
below zero. But it proved a hot item for Tomaro
Construction Co. when they used it to solidify
bad ground that threatened to louse up their
sewer job in hometowny Milwaukee. The material
that was stabilized was a tunning silt, and
soft wet clay. The apparatus used for the tunnel
job is simple and easy to install.”

45 McBain Heaving shales have given trouble to tunmel
building and drilling, The cause of this swelling
is due to the absorption of water from drilling
mud and exposed surfaces., Calcium or other

. polyvalent ions can minimize this effect.

76 Litvinov frém the éngineering and economical standpoint,
deep thermal treatment of soils should be recommended:

1. To consolidate loess soils in foundations.
2. To correct differential settlement.
3.% To prevent landslides.

STRENGTH
So;ls o
éand |
”24 Herrin and | &he stren%éh of relativély clean river sand
Mitchell showed little improvement by adding lime alonme.

But when lime-molasses was used the strength
was noticeably increased.

ClibPD www . fastio.com
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Silt
Decreases in unconfined compressive strength
due to freezing and thawing are much less in
lime-silt mixtures than in lime-clay mixes.,
Clay
Base Course
Strength gains (clay soilsnlimé) are too
slow to meet base course requirements.
Possible accelerators are chemical additives
or heat,
Lean Clay

Results of Laboratory Evaluation Tests of
a lean clay are:

% Lime Added

3 5 8
Quick lime 95% 137 171
Hydrated 67 85 95

Plastic Clay

Plastic clay-lime mixtures may require many
months, or even years, to develop their
ultimate strength.

Fat Clay

The PI does not necessarily reflect the
mechanical properties of this soil, It
is no reflection of the compressibility '
or swelling and certainly does not reveal
the high water stability of the clay nor
its strength,

Pozzolan Systems
‘In General
The strength of lime-pozzolan systems depends
somewhat on the kind of cementing agent formed

and also to'a great degree on the "gel/space"
ratio,

*Untreated (control) gave 21 psi, all strength values in psi.

www . fastio.com
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The major source of strength increases stems
from the lime=-soil pozzolanic reaction.

The gainwih»strength with time is mainly due
to the lime-pozzolanic reaction,

Shear Force

If, as is usually the case, the slip-surface

is curved (Landslides), the bulk of the
motivating forces will come from the area

that overlies the steepest portion of the
slip-surface, One solution: increase in the
resisting force can be accomplished by
techniques that, increase the internal shearing
resistance of the moving mass itself, Actually,
the principal effect of drainage may well lie
in the increase of the shearing resistance
rather than in the nominal decrease in weight,
hence, of motivating force., Most of the shear-
ing within a soil or rock mass is attributable
to frictional resistance and cohesion.

Conditions

Aﬂditives

Acid salts (AlCl3) may impede development
of strength.

@ime Percentages

The percentage of lime added above the optimum
level is often relatively ineffective,

duicklime'(i to 5%) added to 4 very wet soils
ranging from silt to plastic clay increase the
strengths 3 to 10 fold within two hours,

Témperature

Strengty increases brought on by chemical
additives are very critical at temperatures
close to climatic.,

Cool or cold temperatures are not desired
conditions for producing high strengths in
lime=soil systems,

The rate-of=-gain in strength for lime-soil
and cement-soil systems is greater at higher
temperatures,
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Maturity

An increase in long term strength results
from using some weak bases [AL(OH)3, Fe(OH)3]
in activating the Ottawa sand-lime=flyash
system.

Sodium tetraphosphate greatly benefitted
early strength. It may react with lime to
produce complex phosphate cementation products
which supplement those produced by the
pozzolanic reaction.

Mixes which are hardest at an early age are not
necessarily the best because some of the
differences in strength may be due only to the
rate-of-setting having been speeded up.

The strength of lime stabilized soils is a
function of maturity when subJected to field
curing. y

Upon aging, a Kansas till, with 6% calcitic
lime and any one of 5 powered sodium silicates,
decreased in strength.

Testing

Freeze~-thaw

A smaller percentage of strength was lost
during freezing and thawing when the lime
content was increased up to 10 percent (both
clay~and silt-lime systems},

R=Value

The R-value of some recompacted lime treated
soils may be lowered by as much as 50, The
R-value of a soil before lime treatment may be
5, but after the treatment frequently may be
well over 60,

Soak

The soak strength of the lime stabilized soil
increased after humid cure periods.

The effect of sodium compounds on the socak
strength (compressive) of 7 organic clay=-lime
mixtures showed that none of the sodium
additives improved the strength,
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Soaked strengths of lime treated samples
showed improvement over the untreated soil;
being increased as much as 7-fold by lime
treatment., The improvement in soaked strength
follows directly from the decrease in swell.
afforded by lime treatment,

Immersed strengths of Ottawa sand-lime=-flyash
systems may be increased several times by
adding a small amount of chemicals,

The immersed strengths of montmorillonite and
illite soils are higher when a dolomite
monohydrate lime is used than when a calcitic
hydrated lime is used, whereas when kaolinite
soils are stabilized there is no consistent
difference between the limes used,

There is little water soak strength increase
when lime~molasses was used in stabilizing a
clean river sand.

Triaxial

‘Strength benefication of lime-montmorillonite
clay and soil-lime=-chemical seems small judg-
ing from the unconfined tests, whereas the
triaxial test indicates greater improvement.,

Miscellaneous

Laboratory strengths may indicate a Class 1 mix
but the same clay~lime mix may not obtain such
strengths in the road due to delayed mixing,
compacting and weathering. Cores cut from old
roads consisting of old, lime-granular soil
mixtures show that field strengths are higher
than are found from laboratory tests on specimens
up to 60 days old.

Accelerated laboratory curing can predict the
unconfined compression strength for field cured
specimens at summer temperature, The strength
will be a function of the maturity.

The delay between mixing and compaction was

- detrimental in terms of density (by as much as

=8 pcf), swell and strength (by as much as 30%
for a 24=hr. delay),$

By some process of autogenetic healing, specimens
which were previously broken in the cohesiometer
developed considerable strength following a
period of recurring.
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The rapid "ameliorating" effects of lime on the
properties of plastic soils are documented from
the literature, and the distinction between
these short-time effects and the long-time
cementitious reactions responsible for the
development of strength is noted. The cation
crowding hypothesis is rejected as an explanation
of the ameliorating effects. New results sum=
marized show that the cation crowding is more
accurately described as physical adsorption of
calcium hydroxide on the clay surfaces.

The "set" was usually slightly faster with the
lime-£f1ly ash mixture than with the lime=~soil mix,

There is much speculation about dry strength.
The most reasonable explanation appears to be
the van der Waals forces,

SWELLING SOILS
Methods of Measuring Swell

1. The difference in adsorption of Hy0 and
benzene.

2, Measuring the swell pressure.

3. Methed based upon swelling volumes. (Swell
pressure method is more desirable than
swelling volume method).

Factors
Osmotic Pressure

Osmotic pressure is the prime cause of soil
swelling,

Osmotic pressure. The difference between two
curves (two Moisture=-Density Curves... the first
curve was the soil-water system, while the
second curve was the soil-CaCl, solution system)
can be considered as the swelling caused by
osmotic pressure,

To Change the Swelling
To Decrease
1. Replace the existing cation with Ca*t,

2, Pozzolanic reaction products resist
volumetric expansion.
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" To Increase

" 1, Remove iron okide
2, Remove organic¢ matter
- 3. Adsorption of soil conditioners

Some tests have shown a consistent trend

 for a slight decrease in strength and in-

. crease in swell to occur with both treated
and untreated samples when the curing time
is increased from 35 to 60 days. The cause
of this behavior has not yet been established;
however, the effects of the organic matter

' or bacteriological factors are suggested as

. possibilities.

Mi%%ellane@us

Sotie clays are not structure sensitive, There-

fore, the normal reduction of soil swelling
expected of a dispersed clay* cannot be assumed,
even when the soil is compacted wetter than
optimum moisture,

Add KCl to a water suspension of vermiculite
(Franciscan formation) and it becomes nonswelling.

If the external ion of montmorillonite is Na; the
result is a highly swelling clay of the Wyoming
bentonite type. If it is hydrogen, Ca, Mg or
other polyvalent ion, the clay coagulates and
swells very little,

All clays swell in water to a certain degree.

There is no direct relation between swell and
fineness of particles.

A sample of Wyoming "swelling" bentonite and
another of Missouri "nonswelling' bentonite, on
being compared following base exchange, each
swell in+$he folégwing ipcreasing order.

Mgﬁs Ca™™, H+.° P 2 s Nat

Montmorillonite is the most sensitive

clay mineral because it swells in the presence
of water,

*It is important to determine in the field whether or not a clay

is dispersed.
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1 Davidsonm,

12

20

75

24

69

Mateos,
Katti

and

Davidson,
Mateos, and
Barnes

Wang,
Davidson,
and Rosauer

Roads &
Streets
Magazine

Herrin and
Mitchell

Iwamoto and
Sudo

Diamond and
Kinter

58B Thompson
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TEMPERATURES
In General

"Heat is known to be a good activator for the
lime-fly ash (pozzolanic) reaction...." But since
high temperature curing of road base is not
economical with presently (1959) available fuels,
a more practical alternative for activation of

the lime=fly ash reaction would be with trace
chemical additives, '

Accelerators of hardening of montmorillonitic
clay soil are:

1. Beat
2, NaOH - swall amount (1-27 optimum)

The calcining temperature during lime production
is important in lime stabilization,

Specifications., Manipulation of lime into the
s0il should take place only when the temperature
is above 40°F,

Warm temperatures and a long time period

1. yields greater strength and quality
2. almost necessary in adequate curing

At Low Temperatures

NH;Cl played an important role in promoting the

. chemical reaction by lowering the reaction

temperatures and giving rise to a specific
assemblage of reactiom products,

At Ordinary Temperatures

Temperature and kind of clay determines the end
products, At room temperature:

1. Calcium silicate hydrate ,..(usually a
tobermorite gel).. and, :

2. Calcium aluminate hydrate forms (probabl
an impure tetracalcium aluminate hydrateg

Relative slow pozzolanic reaction occur at
75°F, (Faster at higher temperatures).
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24 Herrin and
Mitchell

35 Diamond and
Kinter

55 Dumbleton

66 Engineering
(Great
Britain)
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At Higher Temperatures

Elevated temperatures accelerate the pozzolanic
reaction.

At slightly above room temperature a cubic
tricalcium aluminate hexahydrate forms (instead
of the tetracalcium aluminate hydrate)

"The effect of high temperatures in producing
accelerated hardening probably accounts in part
for the success of soil-lime in areas having

‘hot’climates, such as Northern Rhodesia and

Texas. Lime=soil and cement-soil reaction
exhibit a greater rate-of-gain im strength at
higher temperature,

TOBERMORITE GEL
Description

The calcium silicate hydrate, because of its
similarity to the natural mineral tobermorite
has been called "tobermorite gel," and this gel
is the most important constituent of hardened
portland cement,

Pastes of di and tricalcium silicate set and
harden, qualitatively, in the same way as do
pastes of portland cement.

It's the hydrate form which is called "tobermorite
gel," All tobermorites, natural or synthetic,

are layer crystals having some similarities to
vermiculite,

Proﬁerties

When tricalcium silicate is ground to 10 micron
(similar to the fineness of portland cement) the
resulting surface area is about a thousand times
smaller than the hydrated form, The relatively
large area of the hydrated form contributes
greatly to the properties of the paste,

The adhesion of the tobermorite gel particles

to each other and to other bodies is responsible
for the strengths of hardened pastes of tri=-
calcium and dicalcium silicates.
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26 Gutschick

35 Diamond and
- Kinter

66 Engineering

(Great
Britain)

S

s
B

Mechanism

Aging

Tricalcium silicate plus water, at room
temperature, sustains a reaction that will
go on for a year, depositng a calcium sili-
cate hydrate, Dicalcium silicate reaction
is similar though more involved

pH

Under the conditions of high pH, the lime
begins eating into the clay particles,
destroying the structure and releasing silica
and alumina ions., Then; in the presence of
moisture, hydration occurs forming calcium
silicate hydrate (similar to tobermorite)

and to a lesser extent calcium silica B
aluminates (similar to hydrous garnets)

Varying Conditions

Tobermorite may be synthesized readily by

hydrothermal means, but its occurrence in

lime=s0il reaction products produced under
normal atmospheric conditions is extremely
unlikely. ’

When lime and tricalcium silicate paste
(minimum water) is prepared, the water be=-
comes saturated with calcium hydroxide within

- minutes forming a tobermorite gel. But when

an excess of water is used, a calcium sili-
cate hydrate forms which is not a tobermorite
gel, _

The production of tobermorite is dictated by

Ca0/8i0, ratio in the calcium silicate
hydrate which depends upon the final concen-
tration of the lime in solution. This ratic
ranges from 0.8 (at low lime) to 1.5 (at high
lime concentrations).

ClihPDF - www .fastio.com
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TABLE I

"Action of Chemicals on Soils

R Refer- . ) e Afterb.erg Limits o .
Chemical ence Flocc WPl_ PI LL PL SL Remarks
: \Indrganic ‘
,'V;ijlrious salts 35 x
Acids 35 x
. AL(OH), 1 %
:_::':'Ba012 272 lowers small
'-BaCO3 27 _ Incréases Increases lowers Highly
L = plastic4
~cacl, 1,27,59, x | lowers small  High water
_ “61, 79 : : surface
‘ N ' : tension
Cia,(OI-I)2 27 Increa‘.ses*- Increase Friab1e4
- CuS0y 217 x
_ .'Fe('.‘.l3 27,61, x - ' Porous?;
77 ‘ ‘ : Reduces
. : frost heave
“-Fe(OH), 1 X
L ' _ et '.
KC1 27',’  lowersgkwkE
: KZ df207 _2'? , lowers® lowers small
 KOH 27 '_‘*- Increase¥¥ Friable?
: ‘:_M'gClz ' 27 | lowers small
MgCO3 27 T Increase Increase lowers Highly
plastic4
NaCl 27, 59 ‘ Increase Forms
‘ - i Colloidal
Binder
‘NaOH 27 Increases™* Increases Friable?
' "5Na2003 27 ' Increase  Increase Highly
Lo plastic
'7 ;N'aZSO"L 27 Increase Increase Acts as dis-

persing agent

.",‘;::_'}'WP waterproofing agent ‘
2(atll Ref, 27) with expansnre soil which may be mong?norlllonlte or montmorillonite-illite
‘ '*Very marked at 10% “at lower % e below 1% beyond 2% !

3Beyonc’t 3% not possible to run LL & PL 4Final soil condition

ClibPD wywfastio.com
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TABLE I (contd)

Action of Chemicals on Soils

Refer- Atterbel;g Limits

Chemical  énce _ Floce WP! THI LL_ _PL _  _SL  Remarks
Iﬁorganic
(contd)
Na4P207 77 Reduces |
) . . frost heave
Na,Si0, 27 Increase Dispersioﬁ3
Highly
’ plastic
(NHy4)HPO, 27 : NH, causes
: ‘ porosity
(BOy)--~ 27 small
Phosphoric 64 Forms inanl
Acid phosphates '
' /cations in -
clay
(SO4) -~ 27 - small
Silicones 64 . x ' Expensive
Spent sulphite 9
liguor
Organic
(Rosin) ‘
Abietic acid 64 x Coats soil
grains
Acrylonitrils 64 could be Reduce
’ ' erosion on
embankment
slopes. Acts
as resinous
glue,
. Alcohols 35 X
Arquat 2HT 39 ox , . Especially
. clays
B:i.tumén 65 .
Ketones 35 x
SC-100 59 : | Reduces sur-

face teision—" "
accelerateg zhdi?
ture penetration
(adcbes, clays. -

silty loams, hardpan, ste
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TABLEG2

Action of Lime on Soils

o . Strength
Soil & Ref, Increase - . Reaction Product Remarks
“Gravel

24 No But often can be improved/

pozzalan
- Sand .

19 See remarks Trace montmorillonite
present, Strength of
dune sand comparable
to portland cement
stabilized dune sand,

55 Based upon cohesion test Sandy gravels & well graded

: ‘ sands
NV See remarks Pozz, required; needs more
o ' _ than lime alone
“79 Yes, but Use additive (e.g. sodium
' ‘ compounds)
' sand & Silt
19 See remarks Use 0. 5% Na,CO3/Flyash
54 " " f - Generally not benefitted
" .silts
5 Yes Hydrophobic Also immersed water
strength greatly improved

{1% lime)

“14 - Yes : 5% lime + sodium sulfate

24 "~ See remarks’ The more plastic soils

e T improved more
. BB _ Based upon €ohesion test Could be stabilized
64 Somewhat if less than 10-12% clay,
' - Best lime-pozz. Ratio 1:2
““Silty Clay- :
515 PI decreased. lPL slight
R ' incr. (9%, 9%)
- Clay
 ‘General "
A .
16 Illitic - chloritic soil. PL
Moderately increased
' PI lowered using small
L. 24 amounts of lime.
56 ' ' Probably éttrin-  Clay contained 2% calcium
" (Liondon Clay) : gite if insuffi¢cient sulphate which disappeared

water 'is. present. . following water immersion,

I “Double application at indicated percentages

ClihPD www.fastio.com
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Strength
Soil & Ref. Increase
Kaolinite
13 Yes
14 Yes
l 16A Yes
21 See remarks
35 Yes
(calcined)
‘Illite
13 Yes
‘14 No
35
Montmori-
-1lonite
13 Yes
16A Yes
19 No:
35

TABLE 2 (contd)
Action of Lime on Soils

Reaction Product

73

Remarks

Quarternary gehlenite
Hydrate, C,oAS,

1. C-S-H(I)+CzAH6

2, T.G.34+(7.68 C-A-H)

T.G. 31768 c-a.m)

l. C-8-H(I)
2. T.G.3+ (7.68 c-A-n)
3. T.G.34+ C-8-H(I)+C4AH]3

+ possible C-S-H(IIL) ... .. .. __

With the 1st increment of
added lime,

5% lime & sodium sulfate.

E.P. 2‘, Produces a cement-
ing material:

High calcitic hydrate
Lime or dolomitic Type N
yvielded similar water
immersion strength,

Also called '"Strathings
Compound, '

@ 60° C

@ lower temperature

Increase beings above 4-5%
lime,

Soil: 80% illite, 5% montmor,
5% kaolinite. NazS0,

Hada ineffectﬁal to harmful
effect on soaked strength,

E.P. 2, Increase begins
above 4.6% lime,

Large increase in plastic
limits,

when NaX(where X = :

Cl, OH, CO3, meta silicate)
is present. ;

@ 60° C.

@ lower temp.

@ room temp,

2 = effective pozzoloanic material

ClibhPDF -

www . fastio.com

3 = tobermorite gel,
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TABLE 2 (contd)
Action of Lime on Soils

74

, Strength
- Soil & Ref. Increase Reaction Product Remarks
Montmori-
‘Ilonite
{contd)
44 NH, evolved upon addition of NaOH (Dioctabedral). A fat clay
(smectite) : 10% calcite + 3% organic
matter + very little kandite..
64 ‘Yes, Slowly E.P.2, PI decreases,
Bentonite
16B Similar to 4Ca0O,.Al»03.13H0 According to ''d" spacing.
30 1. Ca absorbed outside clay 1% lime added
particle
Ca.-bento’nite-Ga.(OI—I)2
2, additional Ca*¥ attached 2% or 4% lime
outside
35 No heat change A calcium bentonite.
‘Gumbotic
19 No Effect Nil to harmiful,
- Strength much lower.
T0 No Did not behave like
black cotton soil,
No Strength much lower.
. Cotton Soil
70 Yes 8% lime gave increase
EER More than 8% gave decrease.
“ Mont. & Illite
* 14 No Soil: equal parts illite,
montmor,., feldspar, quartz.
Sodium sulfate harmful to
- soaked strength.
21 Using high calcium lime,

'Other Soils

ChhPD

14

35

: Mica
' 35

www.fastio.com

See remarks

No

T.G.3

T.G.3 +7.68 C-A-H

water immersion strength
was lower., Using dolomitic
type N,, strength was
higher.

Sodium sulfate additive was
harmful to soaked strength
90% quartz, 10% bentonite
sample.
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- Strength
Soil & Ref, Increase

TABLE 2 (contd)
Action of Lime on Soils

. Reaction Product

75

__ Remarks

Pyrophyllite
35
Loam

. (mostly -
allophane)

Gypsum

l.oams
15

Clay Loam
15

Sandy Loam
15

ClihPDF - www .fastio.com

TG3 + 1. 6A ¢-%-H

Geh nite;;hydra.’ce and
7.6A C-A-H

C3AHg & a quarternary phase
Ettringite (cement bacillus)

Calciuin sulfo-aluminate

Normal temperature.
Higher temperature,

Excellent stabilization.

PI const. P.L, slight incr.
(9%, 9%)!

Pl slight decr. P. L, const,

(9%, 9%)1

PI, PL const. (6%, 12%)!
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TABLE 3

BASES CHEMICAL ADDITIVES TO THE LIME-SOIL MIXES
Chemigal - Formula Reference. Some Remarks
Magnesium hydroxide Mg(OH)Z | 20 appreciable amounts lower strengths
. Potassium hydroxide KOH 1 Note 1 )
Sodium hydroxide NaOH 1 Note 1
' 12 1-3%, most successful-doubled
the strength
14 provided additional silica.™®
ineffectual/clayey silts
19 appeared most promising. **Note la.
32 does not improve consistency
properties once lime is the main-
stabilizing agent.
Increased weather resistance.
70 promising in improving strength

""_"‘:"'Né)te 1 a. Additive to an Ottawa sand-lime-flyash mixture
' b. 1% may not be economical
c. 0,5% more desirable treatment level

¥or made the silica more reactive and controlled the rate of reaction between the
lime and the silica.

SRS soil-lime-flyash systems
2. beneficial in mixtures of friable materials .
3. detrimental in mixtures of montmorillonitic clay soils

ClihPDF - wunw.fastio.com B
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BASIC SALTS CHEMICAL

TABLE 3 (contd) ‘ 77
ADDITIVES TO THE LIME-SOIL MIXES

:C-H'éz;'lical L Formula Reference Remarks
Basic Salts
Lithium Carbonate L12C03 1 Note 1
19 Note la., May have some catalytic
effects as NaOH
Potassium Bicarbonate KHCO3 1 Note 1
Potassium Carbonate K;COj3 1 Note 1
Sodium Bicarbonate NaHCO3 1 Note 1
Sodium borate Na2B4O710H20 1 Note 1
Sodium carbonate Na,CO4 1 Note 1. Most promising trace
{soda ash) activator
12 Gave inconsistent results
14 Provided additional silica. #*
Very effective /kaolinite, quartz-
bentonite, but did not improve
quartz-lime mix,
19 Most effective, #%, Note la
For sandy or silty soils
Most effective accelerator
64 Trace armounts are effective
70 Promising
Sodium sulfite NaZSO3-7H20 1 Note 1

Sodium phosphate

Alkali metal compounds

NazPO4. 12H,0 12

19

79

- www.fastio.com

Decreased strength

Not the most effective. Note la.
Used with Ottawa sand-lime-flyash

Compounds showing increased
strength include hydroxides and
many salts. Sodium compounds
found effective,

Formed insol, salts with Ca,
Effectiveness of Na compounds
decreased with increased plasticity
and organic matter.
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: “TABLE 3 (contd) ‘ 78
NEUTRAL SALTS CHEMICAL ADDITIVES TO THE LIME SOIL-MIXES

CChemical 7l lo Formula | Reference Remarks
Lithinm Chloride LiCl ' 1 Note 1
Lithium Floride ILiF 1 Note 1
Lithium Nitrate LiNOQg 1 Note 1
" Lithium Sulfate LiSO4. Hp0 1 Note 1
‘Potassium Chloratea KClO, 1 Note 1
Potassium Chloride KCl 1 Note 1
Potassium Dichromate? K2Cr207 1 Note 1
E"otassium Permanganate KMnO4 | 1 Note 1

| 19 Note la, May oxidize the carbhon
in flyash
70 Promising., Used with6 % lime.
. Sodium Chloride NaGl 1 Note 1
| 19 * *
" Sodium Dichromate® . NayCrp, 07 2H0 1 Note 1
Sodium Hypochlorite® NaOC1P 1 Note 1
: Sodium Nitrate | 1<IaNO3 1 Note 1
| Sodium Permanganate® o NaMnOy. 3H,0 1 Note 1
Sodium Sulfate * * % Nay$04 1 Note 1
: 14 Additive increased soaked

strength for 2 natural silts and

1 kaolinite but was ineffectual

or detrimental to quartz,

90% quartz + 10% bentonite,

5% montmorillonite + 80% illite, -
and combination of equal parts
quartz, feldspar, illite, and
montmorillonite,
Effective/clayey silt.

56 Without significant effect.
Strength less when immersed in
water.

: 45trong oxidizing agent
bIn sol'n with 5-6% available chlorine.

See sulphates in mlscellaneous group

ChihPDF - www.fastio.com
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TABLE 3{contd) 79

ACID SALTS CHEMICAL ADDITIVES TO THE LIME-SOIL, MIXES
. Cheraical Formula Reference _ R__g{nérks B
Aluminum Chloride AlCl3. 6H20 1 Note 1
19 Not the most effective used with
Ottawa sand-lime-flyash
*  Amonium Chloride NH,CL 1 Note 1.
Calcium Chloride CaCl, 1 Note 1, One of the most
promising for long term strencth
19 Note la, Highly hygroscopic.
24 Increased weather resistance.
3z Does not improve consistency

properties once lime is the
main stabilizing agent,
Increased weather resistance.

70 Promising - 6% lime used,
Caleium Hypochlorite® Ca(OCl), 1 Note 1
Calcium Sulfate CaS0y4 1 Note 1

56 **marked benefit effect at

constant MC
leaked out of specimen,
some evidence that ettringite

formed.
Chromic Chloride CrClj. yH,0 1 Note 1
Cobaltous Chloride CoClz. 6H,0 1 Note 1
Cupric Chloride CuCl, 1 Note 1
Ferric Chloride FeClj I Note 1
| Ferric Sulfate’ . Fe(SO4)3. XH,0 1 Note 1
Ferrous Chloride FeCly.4H,0 1 Note 1
" Ferrous Sulfate FeS0y, TH,0 1 Note 1
Magnesium Chloride  MgClz.6H,0 1 Note 1
Magnesium Sulfate 56 Without sighificant effect,
Strength loss on water
immersion,
79 Strengths gained varied 20%-ziu-

and were attributed to formation
of Ca-Mg-Silica gel,

ChibPDF - www.fastio.com
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“" AGID GROUP

. ’ 'IABLE 3 (contd) 80
ACID SALTS CHEMICAL ADDITIVES TO THE LIME-SOIL MIXES

",wéilemmal Formula Reference Remarks
-Manganous Chloride MnCl,.4H,0 1 Note 1
- 19 Note la. Produces effects like

: . ‘ _ CaCl,.

i#ricke_,il Chloride NiCl,. 6H20 1 Note 1

Stanx‘,’ious Chloride SnCié. 2H,0 1 Note 1

Titaﬁ-hium Tetrachloride TiClé, : 1 Note 1
- Zingc Chloride - ZnCl3 1 Note 1

Chemical ... . Formula Reference Remarks
Phosphoric Acid H3P'O4(85%) 19 Note la, Some strength inc.

64 Produces insoluble phos-
phates which behave as
cement,

.Sa}'icylic Acid C7H603 ' 24 Increases weather resistance.

vy fastio.com
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TABLE 3 (contd) 81
MISCELLANEOUS GROUP CHEMICAL ADDITIVES TO THE LIME-SOIL MIXES

Reg@rks

it

A variable in controliing si.....°
Appears suitable for fine«--
grained soil, combination is
gtronger, more waterproof than
asphalt alone and far less sen=i
tive to variations in compaction

Lime along yielded little

. lime with molasses increased

When water soaked less in-

Note la. May enter pogzolanic

With SO, and R03%* most

reliable in evaluating a dolo-
mitic lime. Generally higher
strengths with finer crystals,

Accelerated an otherwise

sluggish lime-pozzolanic

Appreciable amounts lower

Portland Cement and quick-
lime, Possibly with trace
chemicals were most promis-

Chemical - . Formula Reference _
Aluminum Oxide AlpO3 20
Asphalt -—- 42
WwG.
Eithylene Glycol CHOHCH,0H 1 Note 1
Iron Oxide ‘ -- 53 Does not respond well.
Lime-Molasses -~ : 24 Used with a river sand,
- strength.
2
strength,
3,
creased strength,
Magnesium Oxide MgO 1 Note 1
19
reaction,
20
64
reaction,
Magnesium Carbonate MgCO3 20
strengths,
Plaster-'of Paris (CaS04)2-H20 24 Should not be used,
Portland Cement -- 1 Note 1
79
ing systems,
Potassium Biphthalate KHCgH404 1 Note 1

CTrade name for sodium tetraphosphate (P,05-63.5%; NayO 36.0%; Hy0-0.5%)

*R203 = Al3203 + Fez03

www . fastio.com
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MISCELLANEQUS GROUP ' : CHEMICAL ADDITIVES TG THE LIME-SOIL MIXES

{contd) .

“"Chemical = Formula Reference - Remarks

Pozzolan is flyash 12 Unnecessary for strength purposes
: with montmor. & kaolin soils,

39 Generally needed with nonplastic
soils. v

64 nearly always required for sand
soils,

"Quadrafos c 1 Note 1
Sodium Aluminate NaAlO, 14 Very effective /Kaolinite but did not
' ; improve quartz-lime,
Sodium Silicate -- 22 Dry density decreased,
Strict controls necessary,
Strength decrease depends upon
molding MC & type of silicate.
Used with 6% calcitic lime.

64 Reacts with calcium salts to give
insoluble calcium silicate cement.
Used for sealing leaks in reservoir.

70 Promising for improving strength.

e o Trace amount used,
o odium meta-
Silica A-~silicate NaZ'_SiO3. 9H,0 14 Effective/clayey silts,
enneahydrate 19 & &
[fodium meta- i
B-isilicpte Na3zSiOp 22 Decr. strength/incr. aging.
~ |anhydrous Stengths using Silica B greater than
Silica A at equal molding MC.
[sodium meta- .
C-isilicate Nap8i03. 5H;0 Best of group using 6% silica C+6%
L{antahydrate calcite hydr. lime. For stabilizing. .,
[sodium sesqui-
DAsilicate Na;HSi04. 5Hp0 Less affected by aging than A, B, or
pentahydrate g ' E.
. [§odium ortho-
Eisilicate Na,5i04 At age 5 hrs. strength appeared in-
concentrated dependent of moisture,

32 Does not improve the consistency
properties once lime is the main
stabilizing agent.

‘Silicon Dioxide 8105 20 Increasing am'ts increase strength,

4 c'rrade name for sodium tetraphosphate (P20g5-63. 5%; NapO 36, 0%; H0 -0.5% )
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TABLE 3 (contd)
MISCELLANEOUS GROUP

83

(contd) CHEMICAL ADDITIVES TO THE LIME-SOIL MIXES

&hemm al Formula Reference ' Remarks

Silicon Sesquioxide 20 Increasing amounts increase
strength,

Sulfates | 53 Does not respond well,

| 56 Can lead to disintegration

reaction with clay at high pH.

Vanadyl diChloride VOCi, 1 Note 1

Zinc Stearate 24 Increases weather resistance,

www . fastio.com
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. TABLE 4

Sources of Pozzolanic Materials

Source of Pozzolan

Refe rence Artificial Natural Remarks_
. . :
2E _ _ Diatomaceous Earths
Shales
Bentonite
16 _— Montmorillonite
_ Kaolinite
24 Fly-ash ' 1. Best if fine & low
carbon content
2. When added to Montmoril-
lonite & Kaolinite; not
necessary for strength.
Expanded shale For gravels
39 Fly-ash Volcanic ash
Expanded shales Fines
58B Clay mineral
Quartz
Feldspar
Micasg
.. 64 Scoria | 1. Slaggy lava, dross
2. Typical mix; 4-7% lime %
10-15% pozzolan
Cinders : Chert
Slag Water cooled
. ..78B Fly-ash certain clays

ClibPD www . fastio.com

Silica fume
powdered brick
burnt oil shale
certain slags

opaline shales
Diatomaceous earths
cherts

volcanic tuffs
pumicites
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TABLE 5

Materials that Influence the Pozzolanic¢ . Reaction

Ref. Activates Qther

1 NaoH”
KOH*
KHCO,
Li,CO

2 3 Bl
NazCO3”

NaHCO3
NazSQ3: TH20
KMnO4
NaMnOy- 3H,0
LipS04-H20
LiF

LiNOQO3

NaNOj3

NaCl

CacCly

MgOs*
MgCly+4H20

: COy(air)

AlCl3,

CU.C].z,

FeClj3,
Fe2(504)3-x Hp0,
MgCly- 6H>0

64  NayCO3MgO

Monohydrate

Dolomitic iime

Quadrofos
Sodium*®k
Montmorillonite
Illite, Chlorite,
Kaolinite %ok

Remarks
Incr, early strength. Holds pH high
t 1

Incr, early strength
Best early strength acceleration
Incr., early strength. Most promising
tested, Powder form better than liquid.
Incr., early strength

11

Best overall strength increase
Best long term strength., Incr, early strength
Incr. early strength

Incr. early + long term strength
[} ]

[} "
Promising, because it is cheap
Long term strength
Promising

Long term strength

Carbonation of lime stops pozzolan react.

May form weak bases and lower pH., May
produce waterproofing effect.

Accelerates the high calcium limes,

The reaction is sluggish when Ca{OH); is
used alone, but is accelerated by an equal
amount of unhydrated MgQ,

Proved more effective than the Dihydrate
Dolomitic lime.
Increases early strength,

Cattcould be depleted.

Might be slightly pozzolanic.

*Apparent maximum beneficial concentration 0, 5%.
*#Strong oxidizing agent believed to oxidize the carbon in fly-ash K,CO3 or NazCO3

and cause precipitation of MnO5.
*¥*¥Hindering effect,
*¥%%0nly slight effect.
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"TABLE 6

Conditions Affecting the Pozzolanic Reaction

" Ref Condition

: 15 I _Decrea.ée pH/time
35 = pH
36 pED®
- Nonplastic soils
58B Time*
759 % : T

Higher temperature*
Clay present¥

Soil properties -
Orga.nic matter, -

pH T,

Soil weathering, &

Soil drainage

78B  Calcination®

ChhPD

¥Critical condition

wive fastio.com’

Remarks

Presumably due to the lirne being used up
in the Pozz. reaction.

Pozz. reaction proceeds rapidly because
of increased solubility of silica at high pH.

Minimum pH 10,5
Generally a pozzolan is needed.

Undesired carbonation and pozzolanic
reactions are time dependent

Relatively slow reaction
n fast S

"It must be emphasized that a substantial

quantity of clay must be present in the soil
to provide an adequate source of silica
and/or alumina for pozzolanic reaction.

Influences strength to varying degrees
as a result of the lire-soil pozzolanic
reaction

To become active some pozzolans require
calcination at 800°-2000°F and grinding
to a fine size,
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